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ABSTRACT
The possible involvement of both the neurotransmitter serotonin and certain personality 
variables, especially harm avoidance, to the susceptibility to alcoholism are considered. 
Four separate investigations were undertaken. The first study examined whether 
alcoholics could be easily and reliably distinguished from controls on the basis of 
diminished serotonergic activity using urinary serotonin metabolite ratios. The second and 
third investigations tested the reliabilities and validities of the Tridimensional Personality 
Questionnaire and the Temperament and Character Inventory respectively within British 
populations. Both questionnaires are designed to measure various personality traits, 
including novelty seeking, harm avoidance and reward dependence. The final study was 
designed to examine the effects of an acute ethanol challenge on tryptophan metabolism 
in normal healthy humans. In addition, possible differential neurochemical effects of 
alcohol on individuals with different personality structures was explored. The first study 
showed that decreased urinary serotonin metabolite cannot be used reliably to differentiate 
alcoholics from controls. It also suggested that a diminished serotonergic functioning may 
not be universal amongst alcoholics. The second and third studies raised doubts about the 
validity of both the TPQ and TCI amongst British populations. Only the harm avoidance 
scale on the TPQ seemed to be adequately reliable. Amongst the seven TCI dimensions, 
only harm avoidance, novelty seeking and self-transcendent were found to be reliable and 
consistent. The final study demonstrated that acute alcohol consumption decreased 
circulating tryptophan and influenced serotonin synthesis, possibly by enhanced 
tryptophan pyrrolase activity. It also indicated that individuals with different personality 
structures experienced different neurochemical changes following the acute alcohol 
challenge. Finally it is concluded that more inter-disciplinary research is needed to 
determine how various neurobiological factors, such as defective serotonergic 
transmission, and psychosocial factors including specific personality traits, might interact 
to influence susceptibility to alcohol dependence.
CHAPTER ONE; INTRODUCTION
1.0 Overview
During the last few decades, there has been a growing interest in the biological basis of 
personality and certain psychiatric disorders. Factor analytic studies of observer-rated or 
self-rq)orted behaviour have consistently shown that personality is multidimensional, and 
that individual differences can be explained by variation along three to seven dimensions 
(Norman, 1963; Eysenck, 1967; Cloninger, 1986; McCrae and Costa, 1987). Between 
40% and 60% of the variance on these dimensions amongst individuals is believed to be 
hereditable and stable from childhood through to adulthood (Loehlin, 1982).
Building upon a large body of animal research and neurophysiological data in humans, 
Cloninger has presented evidence which suggests that the hereditable component of 
personality variation can be explained by variation along four temperament dimensions, 
each of which has specific neurochemical and neuroanatomic correlates (Cloninger, 1986; 
Cloninger, Przybeck, Svrakic, Wetzel, 1994). One of these dimensions, harm avoidance, 
is analogous to avoiding fear in animals. Cloninger defines harm avoidance as:
“a  hereditable tendency to respond intensely to signals o f aversive stimuli thereby 
learning to inhibit behaviour to avoid punishment, novelty and frustrative 
nonreward (Cloninger, 1987b: p.574).
Harm avoidance is predicted to reflect individual differences in the brain's “punishment” 
or behavioural inhibition system which is regulated by the neurotransmitter serotonin 
(Gray, 1982; Cloninger, 1986). Consistent with this suggestion is the fact that 
serotonergic activity, as measured by cerebrospinal fluid concentrations of metabolites, 
has been found to be lower in individuals who are extreme risk takers than in those who 
are more harm avoidant (Brown, Goodwin, Ballenger, Goyer and Major, 1979; Banki and 
Arato, 1983; Linnoila, Virkkunen, Scheinin, Nuutila, Rimon and Goodwin, 1983).
Cloninger has also postulated that different combinations of extreme variations on these 
four personality dimensions correspond closely to traditional personality disorders and 
influence susceptibility to a range of emotional and behavioural disorders including 
depression, anxiety disorders, eating disorders, drug abuse and alcoholism (Cloninger, 
1987b; Cloninger, Przybeck, Svrakic, Wetzel, 1994).
Alcoholism is the third biggest health problem in the United Kingdom after cancer and 
heart disease, and as an area of research it has in itself attracted a great deal of attention. 
For several years it has been speculated that a deficiency in brain serotonin, for example, 
may affect alcohol preference and increase susceptibility to alcoholism. Experimental data 
has indeed shown that various serotonin uptake inhibitors can attenuate alcohol intake in 
both animals and humans (Naranjo, Sellers and Lawrin, 1986). It has also been 
demonstrated that alcoholic men and non-alcoholic first-degree relatives of alcoholics tend 
to have lower cerebrospinal fluid levels of 5-hydroxyindoleacetic acid, the principle 
metabolite of serotonin, than controls (Ballenger, Goodwin, Major and Brown, 1979; 
Rosenthal, Davenport, Cowdry, Webster and Goodwin, 1980; Roy, Virkkunen and 
Linnoila, 1987). In addition, acute alcohol consumption by healthy volunteers has itself 
been shown to lower circulating tryptophan, the precursor of serotonin, which almost 
certainly leads to an inhibition of serotonin synthesis in the brain (Badawy, Morgan and 
Thomas, 1993).
To date, as far as could be ascertained, no studies have focused on the interrelationships 
of serotonin metabolism, personality traits and drinking behaviour. The purpose of this 
research project was therefore to examine the possible links between these elements.
This thesis is divided into three main sections. Chapter One provides background 
information about the areas of interest. The literature review is by no means exhaustive, 
as this would assume epic proportions extending far beyond the scope of the thesis. 
However, the findings of a large number of studies are highlighted and discussed, and it 
was from these that the specific objectives for the present research were developed. 
Chapters Three through to Six contain details of four separate investigations which were
undertaken in order to fulfill these objectives, and Chapter Two describes the various 
methodologies employed in the different studies. Finally, Chapter Seven is a summary of 
the main findings fi*om the investigations, which are discussed in the light of the literature 
review and lead to recommendations for future research and practice.
1.1 Alcohol Abuse and Alcoholism.
1.1.1 Terminology
Ethanol which is also known as ethyl alcohol (C2H5OH) or more commonly as simply 
alcohol, has been the most widely used and misused psychoactive drug throughout human 
history. It is a clear, colourless liquid with a slight but pleasant smell and is miscible in all 
proportions with water. Within the United Kingdom, alcoholic drinks have long been 
subject to taxation. The tax levels are established on the ethanol content, often called 
proof. Pure ethanol (absolute ethanol) is described as ‘200° Proof. The average content 
of different beverages varies but generally speaking most ordinary beers contain about 3- 
6% (vA^ ) and spirits such as whisky and vodka contain about 40% (v/v) ethanol. Ordinary 
table wine contains approximately 7-15% (v/v) ethanol, whilst fortified wines, such as 
sherry or port contain approximately 15-20% (v/v) ethanol.
The intoxicating effects of alcohol have been known since ancient times. The earliest 
known archaeological evidence lies in ancient Egyptian hieroglyphic recordings from 
about 1500 BC. Other recordings date back to Biblical times. There are several passages 
in both the Old and New Testaments, for example, where the use of wine is commended 
“God gave it to gladden the heart of man” (Psalm 104:115), “Wine cheers God and man” 
(Judges 9:13), “Stop drinking only water and use a little wine for the sake of your 
stomach and your fi*equent ailments” (Timothy 5:23). However the Bible also warns about 
the detrimental effects of drinking too much alcohol. “The drunkard and the glutton will 
come to poverty” (Proverbs 23:21), and “Wine is a mocker, strong drink a brawler and 
whoever is led astray by it is not wise” (Proverbs 20:21).
Within the United Kingdom, drinking alcohol is both widely practised and generally 
regarded as a legitimate and enjoyable activity. It is estimated that approximately 90% of 
the British population drink alcohol at sometime or other, and in 1987 it was calculated 
that as a nation, Britain spent a staggering £18.7 billion on alcoholic beverages, with each 
person drinking on average 7.7 litres of pure alcohol (Brewers Society, 1987). The
Government revenue from alcoholic drinks in the year 1988/89 amounted to £4,447 
million (47% of this came from beer alone) in excise duty and £2,355 million in VAT.
The majority of people who drink do so sensibly and without apparent harm. However, 
a minority unfortunately misuses alcohol by drinking to excess or in inappropriate 
situations. Although it is impossible to quantify accurately the extent and cost of alcohol 
misuse within a particular country or nation, a recent report by Alcohol Concern (1997) 
has suggested that there are approximately 33,000 alcohol-related deaths a year in Great 
Britain, and that alcohol is involved in 15% of traffic deaths, 26% of drownings and 39% 
of deaths in fires. The report also suggests that alcohol misuse is associated with 65% of 
suicide attempts, 25% acute male hospital admissions, 40% of domestic violence 
incidents, 33% of child abuse cases, 65% of murders and 75% of stabbings. Furthermore, 
it has been estimated that the cost of alcohol misuse to the country is more than £2 billion 
each year due to absenteeism and poor work performance - a figure which obviously does 
not include the vast amount of human grief and suffering with which it is all too often 
associated.
Roughly speaking, alcohol problems are generated by three types of drinking behaviour: 
problems relating to intoxication, problems relating to regular heavy use, and problems 
relating to dependency (Fig 1.1) (Thorley, 1980; National Council for Social Aid, 1989). 
Table 1.1 lists some of the more common alcohol-related illnesses, diseases, social and 
psychological problems that can arise from these drinking behaviours. In 1987, the Royal 
College of Physicians defined heavy drinking as the regular consumption of six or more 
units of alcohol every day (where a unit of alcohol is equivalent to 8g of alcohol, roughly 
the amount in a standard glass of wine, a half pint of beer or a standard measure of 
spirits). They also defined the dependent drinker as:
‘''Someone who has a compulsion to drink, takes roughly the same amount o f 
alcohol each day; has increased tolerance to alcohol in the early stages and 
reduced tolerance later; suffers withdrawal symptoms if  alcohol is stopped which 
are relieved by consuming more ; in whom drinking takes precedence over other 
activities and who tends to resume drinking after a period o f abstinence (p.7).
Figure 1.1 The Three Types of Alcohol Problems as Defined bv Thorley (1980).
Problems of 
Dependence
Ftobkms of 
Excessive Use
Table 1.1. Social Psychological and Physical Problems Associated with Intoxication. Excessive Use
and Dependency
SOCIAL PROBLEMS PSYCHOLOGICAL PROBLEMS PHYSICAL PROBLEMS
Famify arguments Insomnia Hepatitis
Domestic violence Depression Gastritis
Child neglect/abuse Anxiety Pancreatitis
Domestic accidents Amnesia Gout
Absence from work Attempted suicide Cardiac airythmia
InefiRciency from work Suicide Accidents
Accidents at work Changes in personality Trauma
Public drunkenness Dementia Strokes
Aggressiveness Gambling Alcohol poisoning
Football hooliganism Misuse of other drugs Obesity
Criminal damage Withdrawal symptoms Sexual dysfimctioning
Theft Hallucinations Infertility
Burglary Delirium tremens Foetal damage
Assault Withdrawal fits Fatty liver
Murders Guilt Liver cancer
Drinking and driving Fear Diabetes
Road traffîc accidents Loss of self-confidence Neuropathy
Divorce Despair Brain damage
Debts Dependence Malnutrition
Fraud Jealousy High blood pressure
Vagrancy Myopathy
Homelessness Stomach/duodenal ulcers
Criminal record Cancer of mouth
Sexual deviant acts Cancer o f pharynx 
Cancer of larynx 
Cirrhosis of fiver 
Fatty fiver 
Hepatitis 
Cardiomyopathy
Concern about the level of alcohol-related problems in Britain is increasing (Alcohol 
Concern, personal communication). Using information obtained from the General 
Household Survey (OPCS, 1996), Alcohol Concern have estimated that some 1.5 million 
people in Britain are drinking at levels which are dangerous to their health in the short 
term and that over 9 million people are drinking at levels which place their long term 
health at risk (Alcohol Concern, 1997).
In December 1995, an interdepartmental working party from the UK Government 
published a report on ‘Sensible Drinking’ (Department of Health, 1995). Whilst 
recognising that light to moderate drinking (1 or 2 units a day for men and women) could 
provide some protection against coronary heart disease, ischaemic stroke, and cholesterol 
gallstones for men older than 40 years and post-menopausal women, the report also 
acknowledged that long-term heavy drinking could result in a variety of health-related 
problems. Using data from epidemiological, mortality and toxicological studies, the 
working party therefore suggested that in order to reduce the health risks, men should 
drink no more than four units of alcohol a day, whilst women should drink no more than 
three units a day. Women were considered to be more at risk from the harmful 
consequences of excessive drinking on the basis of physiological differences, differences 
in the rate of alcohol metabolism, possible increased vulnerability to tissue damage and 
the possible link between alcohol consumption and breast cancer.
Whilst many health professionals concede that such sensible drinking levels can provide 
useful benchmarks against which individuals can compare their levels of consumption 
(personal communication, 1995), they also recognise the levels are severely limited. They 
do not, for example, take into account the vast social problems that can be associated with 
excessive drinking, such as have been detailed above, but are simply concerned with the 
risks to health. As Marmot (1996) has pointed out, the level of consumption at which risk 
of cirrhosis becomes significant may be higher, for example, than it is for drink driving, 
being in trouble with the police, or being involved in an assault. Consequently, amongst 
workers within the alcohol field there appear to be mixed feelings about the 
appropriateness of the “sensible drinking” message.
1.1.2 What is Alcoholism? - The Historical Context
Alcoholism, a term which is now commonly used interchangeably with that of ‘alcohol 
dependence’, is currently acknowledged to be the third biggest health problem of our 
time, overshadowing the problems of tobacco and illicit drug abuse (Royal College of 
Psychiatrists, 1986). There are believed to be between 350,000 and 500,000 people within 
the UK with drinking problems of such severity as to merit the conventional label of 
alcoholism (Swinson and Eaves, 1987). However, excessive drinking and alcohol abuse 
are not a new phenomena in the UK. In fact, compared with previous centuries the level 
of alcohol consumption in Britain today is relatively low (Alcohol Concern, 1991).
Throughout the past four decades, the conceptualisation of alcoholism has changed 
considerably. For example, although some early attempts were made to associate chronic 
drunkenness with a disease (Rush, 1785; Trotter, 1804), during the seventeenth and 
eighteenth centuries excessive drinking was usually attributed to a personal vice or moral 
weakness. Individuals who drank excessively were considered to have little or no will 
power to resist alcohol, and the courts punished offenders through fines, whippings, 
stocks, and occasional imprisonment. Penalties for recidivists were often severe (Heather, 
and Robertson, 1989). However, during the early part of the nineteenth century, as the 
Temperance Movement began to emerge, attitudes towards those who drank habitually 
started to change. The Temperance Movement advocated that heavy drinkers were not 
necessarily being deliberately degenerate, but that the essence of alcoholism lay in the 
addicting nature of alcohol itself. Any person who consumed alcohol was considered to 
be at risk of becoming addicted to it, and it was therefore argued that the only way to 
eradicate alcoholism from society was to restrict the availability of alcohol altogether. 
Prohibition therefore became the goal, and alcohol abuse was treated largely as a legal 
problem, receiving little interest from the medical professions (Meyer, 1988). Attempts 
to prohibit alcohol particularly in America, nevertheless failed disastrously; for although 
prohibition did lead to a fall in alcohol consumption, accompanied by reductions in 
alcohol-related problems such as accidents, drunkenness arrests, and admissions to 
hospital, it also lead to an upsurge in black markets, gangsterism and a widespread lack
of respect for the law (Heather and Robertson, 1989).
Following prohibition, perceptions of drunkenness once again began to change. The 
disease concept of alcoholism re-emerged as the pivotal way of thinking about alcohol 
abuse. It was assumed - but not actually proven - that alcoholics had some kind of 
physiological, biochemical or psychological anomaly which meant that he or she lost 
control over his/her drinking (Shaw, Cartwright, Spratley, Harwin, 1985). It was this 
anomaly that was believed to differentiate alcoholics from all other drinkers. It is 
interesting to note that during prohibition, the disease concept of alcoholism had, in fact, 
become so dormant that following its repeal, the rediscovery of the theory was labelled 
as "the new approach to alcoholism" (Heather and Robertson, 1989).
From the mid-1930’s to the early 1960’s, the disease concept of alcoholism became 
increasingly popular. Individuals suffering from alcoholism were regarded as "victims” of 
the disease, in need of help and treatment. Many treatment centres and regimes were 
therefore established, including the now well-known self-help group Alcoholics 
Anonymous. Medical professionals became increasingly interested in the “disease”, and 
both biomedical and psychological research began to thrive (Mello and Mendleson, 1978). 
The academic and medical rationale for the disease concept of alcoholism at this time, was 
greatly influenced by the work of E.M. Jellinek (Jellinek, 1960a,b).
However, between the early 1960’s and mid 1970’s, several important clinical and 
epidemiological findings began to emerge which again influenced the way in which 
alcoholism was understood and treated. Firstly, it was found that some alcoholics were 
able to return to moderate drinking after treatment, with no greater chance of relapse than 
if they abstained (Davies, 1962; Armour, Polich, Stambul, 1976). Secondly, from 
experimental situations it was found that one single drink did not necessarily make 
alcoholic patients feel a compulsion to take another drink (Merry, 1966). Thirdly, 
evidence began to emerge which suggested that alcoholism was not a unitary disorder as 
implied by the earlier versions of the disease model, but rather a heterogenous disorder, 
composed of various subtypes for which the causes, courses, and clinical features
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appeared to differ (Babor, 1994).
Treatment aimed at deliberately controlling drinking rather than advocating abstinence 
began to be developed once these findings became widely known, and by the mid 1970's 
many people no longer considered alcoholism to be a disease in need of medical care and 
attention, but instead preferred to regard it as simply being at the far end of a drinking 
continuum (Heather and Robertson, 1989). Others preferred to view it as a socially 
learned behavioural disorder and duly encouraged psychologists and behaviouralist to play 
an increasing role in the development and provision of treatment (Heather and Robertson, 
1989).
To date, controversy as to whether or not alcoholism should be seen as a disease still 
seems to exist. Some individuals, for example, appear to retain the philosophy that there 
is a distinct entity called alcoholism which is not simply at the far end of a continuum, but 
is a distinctly different condition from that of other drinkers. Others seem to be more 
unsure about the validity of the disease model, but feel uneasy about dismissing it 
completely since there are no other proven alternatives. Presently, it seems that alcoholism 
is increasingly becoming recognised as a complex, multi-determined phenomenon, 
involving the intricate interplay of many biological, psychological and sociocultural factors 
(Cox, 1988). The search for biological, psychological or social variables that may 
significantly contribute to the onset and development of the disorder nevertheless 
continues.
In addition to the arguments as to whether alcoholism should be seen as a sign of moral 
weakness, a disease, or a learned behaviour reinforced by the psychological and physical 
effects of alcohol, there has also been much controversy over a precise definition of the 
term. The term “alcoholism” was first introduced by a Swedish physician, Magnus Huss, 
in 1849. Since then numerous attempts have been made to agree on a universally 
acceptable definition. However, these attempts have been fraught with difficulty and no 
consensus has ever been reached. As Keller (1962) stated:
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"The definition o f alcoholism (and alcoholics) has long been marked by 
uncertainty, conflict and ambiguity "(p 310)
Probably the most well-known definition is that which was published in a report in 1952 
by a subcommittee of the World Health Organisation (WHO), and which eventually led 
to the inclusion of alcoholism as a mental illness within the International Classification of 
Diseases. Within this report, alcoholics were described as:
“Those excessive drinkers whose dependence upon alcohol has attained such a 
degree that it shows noticeable mental disturbance or interference with their 
bodily and mental health, their interpersonal relationships, and their smooth 
social and economic function, or who show signs o f such developments”.
Although the sub-committee made no claims about the causes of excessive drinking and 
alcoholism, implicit within their definition were the concepts of dependence on alcohol, 
damaging drinking, and excessive drinking (Davies, 1976). Although dependency was 
considered to be more serious than mere habituation, it was initially used to refer to what 
later became known as psychological dependence, and was seen in terms of "craving", 
"the need for a drink" and "compulsion". The term addiction, on the other hand, was used 
to refer to the physiological aspects of excessive drinking, and was considered to be more 
severe than dependency. Gradually, however, the concept of dependency broadened out 
and eventually incorporated the physiological and social aspects of excessive drinking with 
the psychological dimensions. In 1965, the WHO therefore suggested that the terms 
addiction and habituation should be abolished and replaced with the more useful concept 
of dependency, which was described as:
"A state, psychic and sometimes physical, restdting from the interaction between 
a living organism and a drug, characterised by behavioural and other responses 
that always include a compulsion to take the drug on a continuous basis in order 
to experience its psychic effects and sometimes to avoid the discomfort o f its 
absence. Tolerance may or may not be present. "
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Distinctions were subsequently made between psychological dependence and physical 
dependence. Physical dependence was described as an adaptive state, brought about by 
continuous use of certain drugs, including alcohol, that manifested itself by intense 
physical disturbance when the administration of the drug was suspended. Psychological 
dependence on the other hand, was described as a condition in which the drug promoted 
feelings of satisfaction and a drive to continue to repeat taking the drug in order to induce 
pleasure or avoid discomfort. It was recognised that a dependent drinker could be either 
physically or psychologically dependent on alcohol or both.
Another important development that emerged during the 1970’s, which influenced the 
way in which alcoholism was defined, was the formulation of the "Alcohol Dependence 
Syndrome" (Edwards and Gross, 1976). Developed initially from clinical observations, 
Edwards and Gross suggested that the Alcohol Dependence Syndrome could be 
recognised by the clustering of certain elements (Table 1.2). They argued that not all of 
the elements needed to be present all of the time, or indeed present to the same degree, 
but suggested that with increasing dependency the syndrome would show increasing 
coherence. They also proposed that the syndrome would occur with graded intensity, an 
idea which contrasted greatly with the original assumptions of the disease model of 
alcoholism which viewed the condition as an all-or-nothing phenomenon.
Table 1.2 Elements of the Alcohol Dependence Syndrome as Provisionally Described bv Edwards
and Gross (1976t
Elements of the Alcohol Dependence Syndrome
Narrowing of drinking repertoire 
Salience of drink-seeldng behaviour 
Increased tolerance to alcohol 
Repeated withdrawal symptoms 
Relief avoidance of withdrawal 
Subjective awareness of compulsion to drink 
Reinstatement of syndrome after abstinence
Edwards and Gross recognised that the damaging consequences of the syndrome 
accounted for only a small proportion of the total harm associated with alcohol misuse, 
and therefore highlighted the need for distinctions to be made alcohol dependence and
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other alcohol-related disabilities.
Although Edwards and Gross did not develop a specific theory about the underlying 
causes of the syndrome, many people believed that it was merely an extension of the 
disease concept of alcoholism. However, Edwards and Gross argued that the Alcohol 
Dependence Syndrome was neither purely physical nor purely psychological but a 
psychophysiological disorder that was influenced by personality and culture. Moreover, 
by increasing the importance of social and psychological factors their work helped to re­
define the concepts of alcoholism and dependence.
In 1979, the WHO discarded the concept of alcoholism within the International 
Classification of Diseases (ICD) in favour of the "Alcohol Dependence Syndrome" , 
which was defined as:
"A state, psychic and usually also physical, resulting from taking alcohol, 
characterised by behavioural and other responses that always include a 
compulsion to take alcohol on a continuous or periodic basis in order to 
experience its psychic effects, and sometimes to avoid the discomfort o f its 
absence; tolerance may or may not be present. A person may be dependent on 
alcohol or other drugs". iynAO, 1919)
The Diagnostic and Statistical Manual of Mental Disorders (DSM) of the American 
Psychiatric Association (A?A) has also reflected the evolution of the classification of 
alcoholism and alcohol abuse. For instance the DSM-III (APA, 1980) diagnosis for 
alcohol problems consisted of two types:
(i) “abuse, requiring a pattern o f pathological use and social or 
occupational impairment, and
(ii) dependence, requiring either physiological tolerance or 
withdrawal in addition to pathological use and/or social or 
occupational impairment.
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Within the revised third edition (DSM-HI-R: APA, 1987), however, the DSM-III 
distinction has been replaced with one category of alcohol dependence. Table 1.3 lists the 
nine symptoms which now constitute the DSM-III-R criteria for psychoactive substance 
dependence, including alcohol. At least three of the symptoms need to be present for a 
diagnosis of dependence to be made. Within the DSM-III-R alcohol dependence is 
recognised as a graded phenomenon, ranging from mild (one or more psychosocial 
consequences, but no major withdrawal symptoms) to severe (major withdrawal 
symptoms and pervasive alcohol seeking behaviour). Alcohol abuse is retained, but is only 
used as a residual diagnosis for individuals who have recently begun to drink excessively 
or who have used alcohol in a manner damaging to their biological, psychological or social 
wellbeing (e.g. a drunk driving arrest), but who fail to meet the criteria for dependence.
Table 1.3 DSM-III-R Criteria for Psvchoactive Substance Dependence
Symptom Criteria for Psychoactive Substance Dependence, Including Alcohol.
1. Substance is consumed in larger amounts or over a longer period than the person intended.
2. Desire persists or one or more efforts to cut down or control substance use have been 
unsuccessM.
3. A disproportionate amount of time is spent in activities necessary to get the substance (e.g., 
theft), take the substance (e.g., chain smoking), or recover from its effects.
4. Frequent intoxication or withdrawal symptoms interfere with major role obligations at work, 
school, or home, or when substance use is physically hazardous.
5. Important social, occupational or recreational activities are neglected or discontinued 
because of substance use.
6. Substance use is continued despite knowledge of having a persistent or recurrent social,
psychological, or physical problem that is caused or exacerbated by the use of tiie substance.
7. There is marked tolerance, that is, need for markedly increased amounts of the substance in
order to achieve intoxication or desired effect, or markedly diminished effect with continued 
use of the same amount.
8. Withdrawal symptoms occur when the substance is not consumed.
9. Substance often is taken to relieve or avoid withdrawal symptoms.
As Stated earlier, during the 1960’s and 1970’s evidence began to emerge which 
suggested that alcoholism was not a homogenous disorder, but was composed of various 
subtypes with distinguishing pattern of drinking, severity of dependence, and patterns of 
inheritance. The idea of different subtypes of alcoholism was not, however, new. 
According to Babor (1994), for example, early attempts to categorise and define 
homogenous groups of alcoholics can be traced back to the pre-scientific speculations of 
the nineteenth century asylum physicians, who attempted to categorise alcoholics on the
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basis of femily history, drinking patterns, medical consequences, and sociocultural factors.
In 1937, Knight, proposed a typology of alcoholism in which he distinguished between 
two types of alcoholics - "essential" and "reactive". Knight described the essential 
alcoholic as having an early onset of abusive drinking that was typically insidious in 
nature, more severe and unrelated to identifiable environmental stressors. In contrast, the 
reactive alcoholic was described as having a later onset of problem drinking, more 
precipitating environmental stressors and a less severe course. According to Knight, 
essential alcoholism was theoretically and empirically linked to a positive family history 
of alcoholism whereas reactive alcoholism tended to be non-familial. To these two 
categories, Menninger (1938) added "neurotic characters" who drank heavily as a 
manifestation of their disturbance and "psychotic personalities" for whom drinking was 
a symptom of a paranoid, schizoid or psychotic disorder.
A better known typology of alcoholism was proposed by Jellinek, the most prolific writer 
concerning the disease model of alcoholism (Jellinek, 1960a,b). Jellinek differentiated 
between individuals who had persistent alcohol seeking-behaviours (or as he termed it an 
"inability to abstain") and those who could abstain from alcohol for relatively long periods 
of time but were unable to terminate drinking binges once they had started (i.e those that 
showed a "loss of control"). He identified and described five different types or "species" 
of alcoholism: Alpha, Beta, Gamma, Delta and Epsilon. Each so-called species was, 
according to Jellinek, associated with certain drinking behaviours, problems and varying 
degrees of psychological and physical dependency (Jellinek, 1960 a,b). A summary of his 
classification scheme is presented in Table 1.4 in terms of three broad categories: (1) 
etiological elements; (2) alcoholism process elements; and (3) types of damage consequent 
to drinking. The etiological elements take into account psychological and physiological 
vulnerabilities, as well as sociocultural and economic influences on drinking.
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Table 1.4: Characteristics of Four of Jellinek’s Species of Alcoholism*
Species
Alpha Beta Gamma Delta
Etiological Elanents
Psychological vubenkbility High Low High Low
Physiological vuhaability Low Low H i^ H i^
Socioculturallnfluoioes Low to modaate Low to modaale Low to moderate H i^
Economic Influences Lowtomodoate Low to modaate Low to moderate High
Alcdiolic process elements
Nature of dependence 
Acquire tissue tolerance 
Loss o f control 
Inability to abstain 
Progression
Nutritional^diysical habits
Psychological
Low
Low
Low
S l i ^
Good to poor
No d^endence PsychologicaL 
then jrfiysical 
Low H i^
Low H i^
Low Low
S l i ^  Marked
Poor Poor
Physical then 
psychological 
H #
Low
High
Slow
Fair
Damage elanents
Physical/mental Low to moderate High L ow tohi^ Low to high
Socioeconomic Low to moderate Low H i^ High
*Taken from Babor and Dolinsky (1988) and adapted from Jellinek (1960a). Epsilon alcoholism, the fifth 
species, was not described because knowledge of it was considered “too scant to permit of rating and 
delineation”.
Despite the popularity of Jellinek’s classification scheme, it appears that little empirical 
research has been undertaken to test its validity and clinical utility and very few 
researchers have attempted to investigate hypotheses derived from his theory (Babor and 
Dolinsky, 1988). Nevertheless, since its inception, a large number of studies concerned 
with alcoholic subtypes have subsequently appeared in the literature (e.g. Bohman, 
Sigvardsson and Cloninger, 1981; Cloninger, Bohman and Sigvardsson, 1981; von 
Knorring, Bohman, von Knorring and Oreland, 1985; Babor and Lauerman, 1986; Babor 
and Dolinsky, 1988; Babor, Hesselbrock, Meyer and Shoemaker, 1994).
With advances in genetic epidemiology, experimental research, psychometric testing, 
statistical procedures and computer technology these proposed typologies have become 
increasingly complex, and current classification systems tend to encompass multiple 
defining characteristics. For example, Cloninger, Bohman and Sigvardsson (1981) and 
Bohman, Sigvardsson and Cloninger (1981) have suggested that there are at least two
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subtypes of alcoholism which are differentiable in terms of their alcohol-related symptoms, 
patterns of inheritance and personality characteristics. Type 1 alcoholism is purported to 
occur in both males and females and usually develops in late adulthood, after a period of 
heavy drinking which has been reinforced by external circumstances. It is associated with 
a loss of control, guilt about drinking, a fear about dependence on alcohol, and alcohol- 
related problems arising after the age of 25. On the other hand, the Type 2 alcoholism is 
thought to occur almost exclusively in males, and is associated with an early onset of 
alcohol-seeking behaviour regardless of external circumstances, frequent impulsive- 
aggressive behaviour, such as fighting or reckless driving after drinking, difficulty 
abstaining from alcohol, and the manifestation of alcohol-related problems before the age 
of 25 years (Table 1.5). The personality characteristics associated with these two 
subgroups are discussed later in Section 1.3.4.
Table 1.5: Cloninger’s Distin^isbin^ Characteristics of Two Types o f Alcoholism
Characteristic Features Tvoe 1 Type 2
Usual age of onset (years) After 25 Before 25
Spontaneous alcohol-seeking (inability to abstain) Infi-equent Frequent
Fighting and arrests when drinking Infrequent Frequent
Psychological dependence (loss of control) Frequent Infrequent
Guilt and fear about alcohol dependence Frequent Infrequent
von Knorring, Bohman, von Knorring and Oreland (1985) have also suggested that there 
are two types of alcoholism, and at first glance the criteria which they use to classify 
alcoholics as Type I ’s or Type 2’s appear to be very similar to those of Cloninger, 
Bohman and Sigvardsson (1981). However, as Lamparski, Roy, Nutt and Linnoila (1991) 
have pointed out, von Knorring and his colleagues (1985) seem to place greater emphasis 
on the age of onset at which alcohol-related problems began to arise. They have, for 
example, suggested that for Type 2 alcoholism, onset prior to age 25 years and/or 
treatment before age 30 years and at least two social complications (such as violence 
when drinking, work-related difficulties, or legal problems caused by drinking) are 
required, whereas Type 1 alcoholics are considered to be those who do not meet the Type 
2 criteria but who nevertheless fulfil the DSM-III criteria for alcohol dependence.
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Recent studies in typology seem to have been stimulated by the search for biological and 
psychological markers of susceptibility to alcoholism in general, and to specific types of 
alcoholism in particular. Some of the findings fi*om this research will be discussed in the 
following sections of this thesis. In addition, details of other proposed alcoholic subgroups 
based on personality differences are described in Section 1.3.4.
Throughout the remainder of this thesis the terms “alcoholism” and “alcoholic” are used 
as shorthand terms for those individuals who are both severely dependent on alcohol and 
experience harmful consequences resulting from their drinking, and whose consumption 
is both regular and excessive. Unless otherwise stated, the terms are also used to refer to 
individuals with primary alcoholism rather than secondary alcoholism. Primary alcoholics 
are those individuals who develop problems associated with heavy and persistent drinking 
but have no major pre-existing psychiatric illnesses (Schuckit, 1987). Secondary alcoholics 
are individuals who develop alcohol-related problems after the emergence of some form 
of psychiatric illness, such as manic depression or antisocial personality disorder. Further 
details about these two types of alcoholism is given in Section 1.3.4.
1.2 Biological Correlates of Alcohol Abuse and Alcoholism
As mentioned in the previous sections, there now seems little question that alcoholism 
is determined not by any one single variable, but by the interaction of many factors in the 
environment, the individual, and the drug itself. Biological factors are therefore being 
increasingly regarded as one of a number of groups of variables which may contribute to 
the onset and development of the disorder.
Within the past twenty years or so, a number of biological studies have focused on the 
possible involvement of various neurotransmitters in the development and course of 
alcoholism (Tabakoff and Hoffinan, 1991). Neurotransmitters are chemicals that assist 
with the transmission of a neural impulse from one neuron to another. The effect of a
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neurotransmitter is to produce a brief alteration in the post-synaptic membrane of the 
receiving neuron, either excitation of inhibition. There are many different 
neurotransmitters whose actions and locations in the nervous system have been identified. 
Those that have received the most study are acetylcholine, norepinephine, dopamine, and 
serotonin. Using various experimental mapping techniques, neurons containing each of 
these neurotransmitters have been located within specific areas of the brain (Carlson, 
1986). Neuroanatomical studies have also shown that perceiving, learning and behaving 
all depend on the activities of particular types of neurons and their transmitter substances 
within these different brain regions (Carlson, 1986). Furthermore, recent theory has raised 
the possibility that a lack of modulation of various neurotransmitter systems, or the 
enzymes regulating the production and degradation of the neurotransmitters themselves, 
might account for certain abnormal deficits or excesses of mood and behaviour. Of all the 
neurotransmitter systems, serotonin has been the most intensively studied brain chemical 
in relation to alcohol and alcoholism (Oreland, von Knorring, von Knorring, Bohman, 
1985; LeMarquand, Pihl, Benkelfat, 1994 a &b; Badawy, 1996).
In their review of the literature, LeMarquand, Pihl, and Lawrin (1994a) have suggested 
that there are three main reasons why so much attention has been focused on the possible 
role of serotonin in the etiology of alcoholism. Firstly, abnormal behaviours associated 
with, or perhaps due to a serotonergic dysfunction are often found to be part of the 
comoibid clinical picture alcohol abuse and dependence. Serotonin, for example, has been 
implicated in the control of impulsive (Linnoila, Virkkunen, Scheinin, Nuutila, Rimon, 
Goodwin., 1983), aggressive (Brown, Ebert, Goyer, Emerson, Klein, Bunney, Goodwin, 
1982), and suicidal behaviours (Brown, et al., 1982; Roy ,Virkkunen, Linnoila, 1987; 
Mann, Arango, Underwood, 1990) all of which frequently occur with alcohol use and 
dependence (Roy et a l, 1987). Secondly, it has become apparent that volitional intake of 
alcohol or alcohol preference seems to be directly affected by the status of serotonergic 
neurotransmission (Naranjo, Sellers, Lawrin, 1986; LeMarquand, Pihl, Benkelfat, 1994a). 
Thirdly, it has been shown that serotonergic neurons in the hypothalamus mediate food 
intake (Curzon, 1990), and this has led to speculation that the same serotonergic system 
that controls food and water intake may also regulate alcohol consumption.
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Serotonin, otherwise known as 5-hydroxytryptamine (5-HT) is an inhibitory transmitter 
substance which is widely distributed throughout the body. It is stored and released from 
neurons, blood platelets, the enterochromaffin cells of the intestinal gut, and, in some 
species, mast cells. Within the human brain serotonin containing nerve terminals are 
densely distributed in the midline raphe nuclei of the rostral pons, and ascending fibres 
project into the basal ganglia, hypothalamus, thalamus, hippocampus, limbic forebrain and 
other areas of the cerebral cortex.
Although serotonin is a simple monoamine, it has a complex physiology, and during the 
past three decades, considerable attention has been directed towards its behavioural 
fimctions. Consequently, a large body of evidence has emerged which suggests that 
neurotransmitter plays a functional role in the regulation of impulsive and violent 
behaviour, sleep, mood, pain, eating and drinking behaviours and several clinical disorders 
including manic depression, schizophrenia, obsessive compulsive disorders, eating 
disorders, and attention deficit disorder (Ashcroft, Crawford, Eccleston, Sharman, 
McDougall, Stanton, Binns, 1966; Hobson, 1969; Green and Graham-Smith, 1975; 
Linnoila, Wkkunen, Scheinin, Nuutila, Rimon, Goodwin, 1983; Blundell, 1984; Schalling, 
Asberg, Edman, 1984; Emerson, Lesem, Hegg, Brewerton, 1990; Winslow and Insel, 
1990; Comings, 1991). In addition, it has been shown that selective inhibitors of serotonin 
uptake are effective antidepressants (Carlsson, Corrodi, Fuxe, and Hokfelt, 1969).
1.2.1 Synthesis of Serotonin.
Serotonin is synthesised from the essential amino acid L-tryptophan through a series of 
chemical reactions which are catalysed by the rate limiting enzyme tryptophan hydroxylase 
(Fig. 1.2). According to Bender (1983) tryptophan was the first amino acid to be shown 
to be dietary essential, despite the fact that six other amino acids, now known to be 
essential or indispensable, had already been identified and isolated. Tryptophan is mainly 
carried around in the blood loosely bound to the plasma protein albumin. The binding site
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Figure 1.2 Metabolism of Tryptophan
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is shared with non-esterified fatty acids which can displace tryptophan and thus influence 
the amount of free tryptophan which can be taken up into tissues.
Uptake of L-tryptophan from the diet into neurons is the first step in serotonin synthesis 
(Fig 1.2). It has been shown that in humans, as in rats, cerebral serotonin levels reflect the 
amount of tryptophan present in the diet. A deficiency in dietary tryptophan will result in 
lowered brain 5-HT whereas tryptophan administration will increase CNS serotonin 
synthesis (Eccleston, Ashcroft, Crawford, Stanton, Wood, McTurk, 1970; Young and 
Gauthier, 1981).
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Only a small percentage of circulating tryptophan is converted into serotonin. The 
remainder is either converted into indoleacetic acid (lAA) and tryptamine via the enzyme 
tryptophan decarboxylase or into kynurenine and related compounds via the hepatic 
enzyme tryptophan pyrrolase (tryptophan 2,3 dioxygenase EC 1.13.1.12). This latter 
pathway is quantitatively the most important in the degradation of L-tryptophan as 
approximately 98% of circulating tryptophan is metabolised via this route. Any changes 
in the activity of the tryptophan pyrrolase enzyme can therefore substantially effect the 
synthesis of serotonin (Bender, 1983).
1.2.2 Tryptophan Metabolism and Alcohol Consumption
Alcohol i.e., ethyl alcohol, is a depressant drug which at sufficiently high doses, inhibits 
the transmission of nerve impulses and slows down the activity of nervous system. 
Studies have shown that the effects of alcohol on tryptophan metabolism in man and 
experimental animals are complex and varied, depending in part on whether it is consumed 
acutely or chronically and whether the measurements were made during the chronic 
administration period or after its subsequent withdrawal (Badawy, Morgan, Thomas, 
1993). Compounding variables include the dose of ethanol, the route of administration, 
duration of treatment, the species or strain of the animal being studied, the nutritional 
status of the animal or individual, as well as the method of assessment of the particular 
parameters, such as serotonin turnover (Badawy, 1996). It has also been noted that most 
of the studies which have examined the effects of ethanol on tryptophan metabolism have 
focused on the kynurenine and serotonin pathways, and as a result very little is known 
about the possible effects of ethanol on tryptophan decarboxylation or transamination 
(Badawy, 1988).
In the rat, whose tryptophan metabolism resembles closely that of man (Badawy, 1996), 
alcohol appears to alter the metabolism of tryptophan by changing the availability of 
tryptophan and the activity of the tryptophan pyrrolase enzyme. In fact, Badawy and 
Evans (1976) have found that acute alcohol administration to rats exerts a biphasic effect
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on cerebral 5-HT synthesis and turnover, consisting of an inital enhancement followed by 
an inhibition, caused respectively by an initial increase and a later decrease in tryptophan 
availability to the brain. The researchers suggested that the initial increase in tryptophan 
availability was caused by a catecholamine-dependent lipolysis-mediated elevation of 
serum non-esterified fatty acid concentration leading to displacement of serum albumin- 
bound tryptophan and a consequent increase in availability of the circulating fi’ee amino 
acid. They also purported that the later decrease in tryptophan availability to the brain was 
due to enhanced catabolism of the amino acid in the liver secondarily to activation of 
hepatic tryptophan pyrrolase by a substrate-type mechanism initiated by the earlier 
increase in the availability of circulating fi-ee tryptophan.
Whereas acute alcohol consumption in the rat has been shown to activate the tryptophan 
pryrrolase enzyme, chronic alcohol administration has been shown to inhibit its activity, 
causing an increase in tryptophan availability to the brain (Badawy, Punjani, Evans and 
Evans, 1980). Furthermore, the same group of researchers have demonstrated that in rats, 
ethanol withdrawal causes an enhancement of liver tryptophan prrrolase activity leading 
to a decrease in the availability of circulating tryptophan with a consequent inhibition of 
serotonin syntheses.
For ethical reasons, the effects of an acute dose of alcohol can only be studied in normal 
subjects or non-abstinent alcoholics. Only a few studies have, to date, been undertaken 
on normal healthy volunteers, and these seem to have produced somewhat contradictory 
findings. In one such study, for example, which examined tryptophan and serotonin levels 
in blood after a 250ml drink of alcohol, whole blood serotonin concentration was found 
to be significantly reduced forty five minutes after drinking, whereas no changes in plasma 
tryptophan were observed (Pietraszek, Urano, Sumioshi, Serizawa, Takahashi, Takada, 
Takada, 1991). However, in two other acute alcohol intake studies using healthy normal 
males, circulating blood tryptophan availability to the brain was shown to be decreased 
following the alcohol intake (Eriksson, Magnusson, Carlsson, Hagman and Jagenburg, 
1983; Badawy, Morgan, Bradley, Thomas, Lovett, 1988). An acute ethanol consumption 
(80g) by healthy volunteers was also demonstrated to reduce cerebrospinal fluid
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measurements of tryptophan levels during intoxication (Beck, Borg, Sedvall, 1983). 
Badawy and his colleagues (1988) suggested that the decrease in tryptophan which was 
observed in their study, one and two hours after the acute dose of alcohol, could have 
been mediated by an enhancement of the major degradative enzyme hepatic tryptophan 
pyrrolase. However, although a single acute dose of alcohol has been shown to activate 
the tryptophan pyrrolase enzyme, chronic ethanol consumption on the other hand, appears 
to inhibit the activity of this enzyme, leading to an increase in circulating tryptophan and 
brain serotonin synthesis (Badawy, Punjani, Evans, Evans, 1980; Friedman, Krstulovic, 
Severinghaus, Brown, 1988). Further research is needed to try and gain a greater 
understanding of the effects of acute and chronic alcohol consumption on the activities of 
the trytophan pyrrolase enzyme in humans.
1.2.3 Serotonin Metabolism and Alcohol Consumption.
The effects of alcohol on serotonin metabolism in animals and humans have been reviewed 
by Badawy (1988) and more recently, LeMarquand, Pihl, and Benkelfat (1994 a&b). In 
general, investigations of serotonergic functioning following acute alcohol consumption 
by healthy individuals have not supported the animal evidence that alcohol increases 
serotonin activity. In fact, acute ethanol intake by healthy volunteers has been shown to 
lower whole blood 5-HT (Pietraszek, Urano, Sumioshi, Takahashi, Takada, Takada, 
1991) and decrease the urinary excretion of 5-HLAA (Davis, Brown, Huff, Cashaw, 
1967). Indeed, the best known effects of ethanol consumption in man seem to be those 
which concern the ability of the drug to divert serotonin metabolism from the major 
oxidative route leading to the formation of 5-HIAA, to the minor reductive pathway 
producing 5-hydroxytryptophol (5-HTP) (Feldstein, Hoagland, Wong, Freeman, 1964; 
Davis, Brown, Huff, Cashaw, 1967). These studies are described in greater detail in 
Chapter Six. The determination of the ratio of concentrations of 5-HTP/5-HIAA in urine 
is in fact being developed as a promising screening tool for measuring recent alcohol 
intake (Badawy, 1996).
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As mentioned earlier, considerable evidence now exists suggesting that a brain serotonin 
deficiency may directly affect the volitional intake of alcohol in both humans and in 
animals (for reviews see Naranjo, Sellers and Lawrin, 1986; Sellers, Higgins, Sobell, 1992; 
LeMarquand, Pihl, Benkelfat, 1994 a & b). The C57BL mouse strain, for example, which 
is known to prefer alcohol, has been shown to have brain a serotonin defect (Badawy, 
1996). Studies which have focused on the interactions between serotonin and alcohol have 
also demonstrated that 5-HT precursors such as tryptophan (Zabik, Binkerd, Roache, 
1985) and 5-hydroxytryptophan (Geller,Binkerd, Roache, 1973), intracerebral 5-HT (Hill, 
1974) and 5-HT uptake inhibitors such as zimelidine and citalopram, can all attenuate 
ethanol intake in humans (Amit, Brown, Sutherland, Rockman, Gill, Selvaggi, 1985; 
Naranjo, Sellers, Roach, Woodley, Sanchez-Craig, Sykora, 1984; Naranjo, Sellers, 
Sullivan, Woodley, Kadlec, Sykora, 1987). Less consistent results have, however, been 
obtained fi"om studies which have focused on the effects of serotonin synthesis inhibitors 
on alcohol intake (Stein, Wayner, Tilson, 1977; Parker and Radlow, 1976). The balance 
of evidence, nevertheless, suggests that increases in serotonin leads to decreases in alcohol 
consumption. Studies in which serotonergic nuirons have been selectively destroyed have 
obtained results consistent with this notion. Ho, Tsai, Chan, Begleiter, and Kissin (1974) 
for example, used neurotoxins to selectively destroy 5-HT neurons in rats, and found that 
the rats increased their ethanol consumption. Whether specific drugs which lead to an 
increase in cerebral serotonin can be developed to treat alcoholism effectively neverthless 
awaits fiiture research.
1.2.4 Serotonin and Alcoholism.
It has long been established that alcoholism runs in families, and that relatives of alcoholics 
have an increased risk of developing the disorder. According to Warner and Rosett (1975) 
Aristotle, Plato, and Plutarch all described the tendency for the drinking behaviour of 
children to resemble that of their parents, and within the past eighty years more than a 
hundred studies have revealed that alcoholism is three to five times more fi'equent in 
parents, siblings, and children of alcoholics compared with the normal population (Cotton, 
1979).
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Until the early 1960's, the familial transmission of alcoholism was generally described in 
terms of environmental example and influence. It was believed that children imitated the 
drinking behaviours of their parents. However, during the late 1960's and 1970's a series 
of twin and adoption studies were undertaken, and the findings of these suggested that 
alcoholism was, to some extent at least, genetically inherited. According to Goodwin 
(1989) these findings coincided with enormous advances in molecular biology, and 
stimulated the search for genetically influenced biological factors which might contribute 
to the transmission of a susceptibility to the disorder. Consequently, during the past two 
decades many studies have been undertaken in the search for biological and biochemical 
factors which might underlie alcoholism vulnerability, and as mentioned previously, a 
number of these studies have focused on the possible role of the neurotransmitter 
serotonin and the enzymes which are involved in its synthesis and metabolism (e.g., Olson, 
Gursey, Vester, 1960; Brown, 1970; Ballenger, Goodwin, Major, Brown, 1979; Badawy, 
1988; Sullivan, Baenziger, Wagner, Rauscher, Numberger, Holmes, 1990; LeMarquand, 
Pihl, Benkelfat, 1994 a&b)
The serotonergic hypothesis of alcoholism states that defects in serotonin or tryptophan 
metabolism may contribute to the etiology of alcoholism. For obvious ethical and practical 
reasons the determination of concentrations of brain serotonin, tryptophan and 5- 
hydroxyindoleacetic acid (5-HLAA), the principle metabolite of serotonin, in humans can 
only be achieved through indirect approaches, such as the analysis of cerebrospinal fluid 
(CSF), blood and urine. The level of correlation between the metabolite concentrations 
measured by such methods and the cerebral metabolite concentrations is not completely 
known (Ballenger, Post, Jimerson, Lake, Murphy, Zuckerman, Cronin, 1983), and results 
fi’om such studies should therefore be interpreted cautiously.
Using cerebrospinal fluid metabolite concentrations, however, several studies have shown 
that alcoholic men and non-alcoholic first-degree relatives of alcoholics have lower CSF 
levels of 5-hydroxyindoleacetic acid than controls (e.g. Ballenger Ballenger, Goodwin, 
Major, Brown, 1979; Rosenthal, Davenport, Cowdry, Webster, Goodwin, 1980; Roy,
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Virickunen, Linnoila, 1987). In addition, using urinary 5-HLAA concentrations as an index 
of cerebral 5-HT activity, Olson and his colleagues (1960) demonstrated, that although 
chronic alcoholics excreted normal levels of N-methylnicotinamide (a tryptophan 
metabolite from the kynurenine pathway - Fig. 1.2), they excreted only about one-half the 
normal amount of 5-HIAA. The researchers concluded that their findings suggested that 
alcoholics had depressed tryptophan metabolism along the serotonergic pathway.
In 1987, Thompson and McMillen developed a test to distinguish alcoholics from non­
alcoholics using the 5-hydroxyindoleacetic acid : indoleacetic acid (5-HIAA : lAA) ratio, 
and the 5-hydroxindoleacetic acid : anthranilic acid (5-HIAA : AA) ratio to indicate 
altered serotonin metabolism. Their test was based on the assumption that each of the 
metabolic pathways of tryptophan metabolises some specific percentage of the available 
tryptophan in the body, and that the ratio between a tryptophan metabolite in one pathway 
and a tryptophan metabolite in another remains approximately the same regardless of the 
level of metabolites excreted or the concentration of urine.
Thompson and McMillen proposed that if alcoholism was associated with a defective 
serotonergic pathway, then the 5-HIAA : LAA and 5-HIAA : AA ratios of an alcoholic 
group would differ significantly from those of a control group. The results of their study 
supported this hypothesis. A statistically significant difference was found between the 
ratios of the two groups. 94% of the alcoholics tested were found to have 5-HIAA : lAA 
ratios below 0.70, whereas only 29% of the control group had ratios below this value; and 
93% of the alcoholic group had 5-HIAA : AA ratios below 6.10 compared with only 36% 
of the control group. Combining the two ratios, Thompson and McMillen showed that 
87.5% of the alcoholic group could be identified as having an impaired serotonin 
metabolic pathway, whereas only 7% (one subject) of the control group could be similarly 
identified.
The investigation undertaken by Thompson and McMillen was designed as a pilot study 
to assess the feasibility of developing a screening test that could be used reliably as part 
of a routine medical procedure. Only sixteen male alcoholics and twelve control subjects 
participated in the study, and therefore the results were derived from a very small sample 
group. Further studies using larger numbers of alcoholics and control are clearly needed
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to evaluate the usefulness of 5-HIAA ; lAA and 5-HIAA : AA ratios as a marker for 
alcoholism.
Although the evidence summarised above has suggested that a central serotonin deficiency 
may be associated with both alcohol preferrence and the development of alcoholism, it 
remains unclear why this deficiency should occur. In the search for possible causal factors, 
several investigators have, therefore, speculated that the deficiency may be assocaited with 
the activity of the monoamine oxidase enzyme (MAO), which catabolises the metabolism 
of serotonin (Fig 1.2). Any serotonin which is not bound to storage vesicles within 
neurons, is converted into 5-hydroxyindoleacetic acid (5-HIAA), the major metabolite of 
serotonin, by MAO and therefore any abnormalities in the functions of the enzyme might 
effect serotonergic levels.
It has been repeatedly reported that alcoholics have lower levels of MAO compared with 
matched controls (Brown 1970; Gottfnes, Oreland, Wiberg, Winblad, 1975; Wiberg, 
Gottfiies, Oreland, 1977; Major & Murphy, 1978; Sullivan, Stanfield, Schanberg, 
Cavenar, 1978; Sullivan, Cavenar, Maltbie, Lister, Zung, 1979; Oreland, Gottfnes, 
Kiianmaa, Wiberg, Winblad, 1983). It has also been demonstrated that relatives of 
alcoholics have lower platelet MAO activity than relatives of non-alcoholics, suggesting 
that low MAO levels may be a trait, rather than state dependent characteristic induced by 
long-term alcohol consumption (Schuckit, Shaskan, Duby, Moss, 1982). However, more 
recent evidence has indicated that low MAO levels may not be characteristic of all 
alcoholics but only some, particularly those with antisocial propensities (von Knorring, 
Bohman, von Knorring, Oreland, 1985; Sullivan, Baenziger, Wagner, Rauscher, 
Numberger, Holmes, 1990; Devor, 1993). Further research is now needed to evaluate 
whether MAO levels can be used reliably as a screening tool to distinguish between 
different subtypes of alcoholics, and if the results prove positive, they may not only help 
to identify other biological differences which may exist between different subgroups, but 
may also lead to the development of possible drug treatments.
Reduced MAO levels are only one of several biochemical indicators which have been 
studied in relation to the role of serotonin in the aetiology of alcoholism. It is now well 
established that the rate of serotonin synthesis, is not only controlled by brain tryptophan
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concentrations, but also by the factors which influence the availability of tryptophan to the 
brain - e.g. tryptophan binding to albumin (Curzon and Knott, 1974); competition 
between tryptophan and the five other large amino acids (valine, leucine, isoleucine, 
phenylalanine and tyrosine) which share the same transport mechanism to cross the blood- 
brain barrier (Femstrom and Wurtman, 1971); and the activity of the major tryptophan 
degrading enzyme, hepatic tryptophan pyrrolase, which is involved in approximately 90% 
of tryptophan metabolism and is the rate-limiting step in the degeneration of the amino 
acid. (Badawy, 1977). Any changes to these peripheral factors will inevitably bring about 
changes in serotonin synthesis.
Several studies have recently been undertaken to establish whether the serotonin 
deficiency implicated in aetiology of alcoholism results is associated with in these 
peripheral factors. In a group of alcoholic patients, Buydens-Branchey, Branchey, 
Noumair, and Lieber (1989) initially found that the plasma ratios of tryptophan to the five 
other large amino adds known to compete with it for transport into the brain, was lowest 
one day afl:er cessation of drinking but increased progressively over the following two to 
three weeks. Further analysis of their data revealed, however, that the low tryptophan 
ratio was associated only with those alcoholics who were aggressive, had an early onset 
of alcoholism, and displayed antisocial behaviour.
In another experiment which involved administering a two gramme tryptophan load to 
alcoholic patients, Friedman, Krustulovic, Severinghaus, and Brown (1988) found that 
alcoholics converted significantly more tryptophan into kynurenine, the primary product 
of the degradation of tryptophan by the tryptophan pyrrolase enzyme, after one months 
abstinence, than they did immediately after detoxification. Friedman and his colleagues 
concluded that this finding was consistent with the hypothesis that chronic alcohol 
consumption inhibits the activity of the hepatic tryptophan pyrrolase enzyme. However, 
Badawy, Morgan and Thomas (1993) have suggested that it is also possible that during 
withdrawal, the activity of the tryptophan pyrrolase enzyme becomes enhanced. This 
enhancement of activity could explain the deficiency of serotonin that has been observed 
in abstinent alcoholics. To date, however there is no firm evidence to indicate how long 
any possible enhancement of tryptophan pyrrolase activity persists during abstinence. It 
also remains unclear whether tryptophan pyrrolase activity is inherently higher in
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alcoholics, or whether alcoholics drink in order to correct their serotonin deficiency by 
inhibiting the tryptophan pyrrolase enzyme.
The search for biochemical markers of susceptibility for alcoholism abounds in 
methodological difficulties. Perhaps the most common of these difficulties is sample size. 
Accessing large populations of alcoholics who are willing to participate in experimental 
research is difficult, and caution must therefore be exercised when generalising about any 
findings which have been derived fi*om restricted sample groups. A second difficulty, 
alluded to earlier, is the fact that brain serotonin, tryptophan and 5-HIAA concentrations 
in humans can only be assessed through indirect approaches, that is through the 
determination of metabolite levels in serum, urine, and cerebrospinal fluids. Some doubts 
have been raised concerning the reliability of such measures (Garfinkel, Warsh, Stancer, 
Ghodse, 1977), mainly because they are of peripheral origin and their concentrations can 
be strongly influenced by dietary factors. Consequently, it is not known how accurate such 
parameters are as indicators of cerebral neurotransmitter activity. Thirdly, specific 
techniques and equipment are needed for the identification and measurement of metabolite 
concentrations. Developing and validating such techniques can be both time consuming 
and costly, and if resources are restricted it can mean that a limited range of metabolites 
are examined. Further studies which examine a much a wider range of tryptophan 
metabolites in relation to both alcoholism and the effects of alcohol are clearly needed.
1.3 Personality Traits and Alcoholism
The development and expression of alcoholism in relation to personality has been a topic 
of interest for several decades. In fact, for a number of years personality was considered 
to be the primary, if not the exclusive, cause of alcoholism. However, it is now more 
typically regarded as one of the number of factors which interact together to determine 
an individual's vulnerability to the disorder (Cox, 1988).
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1.3.1 What is Personality?
Personality is a term which is frequently used in everyday language, and one which has 
been defined in many different ways. Indeed, in his book ''Concepts o f Personality: 
Theories and Research" (Levy, 1970) suggested that there are almost as many different 
definitions of the term as there are theorists who have written about the subject.
Personality as it is commonly understood is what makes one individual different from 
another. In its simplest sense personality can therefore be defined as:
"The distinctive and characteristic patterns o f thought, emotion, and behaviour 
that define an individuals personal style and influence his or her interactions 
with the environment " (Atkinson, Atkinson, Hilgard, 1983).
According to Nathan (1988) most definitions of the term suggest that personality is 
internal, unique, enduring, active, causal and integrating. Numerous attempts have been 
made to define and explain what determines an individual's personality. Broadly speaking, 
most of these theories can be divided into five main categories: type theories, trait 
theories, psychoanalytic theories, social learning theories and interactionist theories. It is 
beyond the scope of this section to describe in detail each of these different theories of 
personality, but it may be worth noting some of the main features and proponents of each 
approach.
The type theories are the oldest of the theoretical approaches. Type theorists attempt to 
group people into discrete categories depending on whether or not they possess or display 
a particular characteristic. In 400BC, Hippocrates suggested that there were four basic 
personality types: choleric (angry), sanguine (optimistic), melancholic (depressive), and 
phlegmatic (apathetic). Individuals were believed to be a representation of a particular 
balance of these four basic types. Another early type theorist classified individuals into 
three categories on the basis of body type and related these body types to personality 
characteristics (Sheldon, 1954). Short, plump person was said to be sociable, relaxed, and 
even tempered; a tall, thin person was characterised as restrained, self conscious and a 
"loner"; a heavy-set muscular individual was described as noisy, aggressive and physically
32
active. Although such type theories are appealing because they provide a simple way of 
looking at personality, it is now widely accepted that personality is far too complex for 
this kind of approach.
The trait theories are based on the assumption that personality is a compendium of traits 
or characteristic ways of thinking, behaving, feeling, and reacting.
"A trait refers to any characteristic that differs from person to person in a
relatively permanent and consistent way" {Ax)ànson et al, 1983).
Traits are therefore conceptualised as stable tendencies across situations. Psychologists 
working in the area of trait theory are interested in identifying the basic dimensions (traits) 
of personality e.g emotional stability, aggressiveness, creativity, intelligence, sociability 
and so on, and developing techniques or ways for measuring these traits. Traits theorists, 
such as Hans Eysenck (1963) and Robert Cattell (1965) are generally therefore much 
more concerned with personality description than personality development.
The psychoanalytic theories differ considerably from the others in that unconscious 
motives and conflicts rather than traits or situations are believed to be the key 
determinants of personality. Psychoanalytic theorists postulate that personality in general 
is a complex product of innate biological instincts or impulses whose expression is 
modified by early developmental processes. The interplay of these underlying instincts and 
motives is presumed to be the primaiy determinant of personality. Sigmund Freud (1856- 
1939), Carl Jung (1870-1961), and Alfred Adler (1870-1837) are probably the most well 
known proponents of psychoanalytic theories.
The social learning theories are based on the assumption that personality differences result 
from differences in learning experiences. Social learning theorists, such as Albert Bandura 
(1977) and Walter Mischel (1976) therefore emphasis the importance of looking at the 
environment for factors that might determine the behaviour and hence the personality of 
individuals. They argue that people behaviour consistently, only in so far as the settings 
they encounter and the roles they are expected to play remain stable. Thus the type and 
intensity of external stimulation are seen as the most powerful determinants of personality.
33
The Interactionist approach is a kind of eclectic one. It suggests that neither the person 
nor the setting determines personality in isolation, but that it is modified as a result of 
continuous feedback between the individual and the situation encountered. When studying 
specific behaviours interactionalists therefore emphasise the importance of studying the 
nature of the interaction between personality characteristics and the actual and perceived 
environment of the person.
1.3.2 A Unique “Alcoholic Personality”?
During the middle part of this century, it was widely believed that individuals with 
alcoholism had a unique personality structure that was both necessary and sufficient for 
the disorder to occur. The so-called “alcoholic personality” was presumed to be a distinct 
set of personality characteristics that distinguished alcoholics fi*om other drinkers even 
before the disorder became apparent. Although the exact origin of the concept of the 
alcoholic personality is unclear, Cox (1985) has suggested that its impetus came fi’om two 
main sources. Firstly, psychoanalysts who sought to find the cause of alcoholism within 
the intrapsychic forces of those diagnosed as alcoholic. Karl Abraham (1954), is believed 
to have been the first psychoanalyst to have suggested that alcoholism could be linked to 
a deep-rooted personality disturbance (Cox, 1988). Other psychoanalysts, including Freud 
himself, subsequently expressed similar views and suggested that the aetiology of 
alcoholism could be associated with sexual difficulties or other forms of psychopathology 
that originated during early childhood (e.g., Freud, 1917; Knight, 1937; Menninger, 
1938; Blum, 1966). Secondly, the disease model of alcoholism. During the early 1940’s 
members of the then newly established, and rapidly expanding, self-help organisation. 
Alcoholics Anonymous subscribed to the disease concept of alcoholism, and promoted the 
idea that "alcoholics" had a special vulnerability to alcohol. Some of its members believed 
that this disease or vulnerability with which they were affiicted was in fact caused by an 
underlying faulty personality structure.
As theories about the existence of a unique alcoholic personality began to emerge, 
numerous attempts were made to specify its precise nature. No agreement was however 
reached on an exact definition, or for that matter whether a single alcoholic personality
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existed at all (Sutherland, Schroeder and Tordella, 1950; Syme, 1957). Nevertheless, 
interest in the relationship between personality factors and the development and 
expression of alcoholism has continued. However, the search for a unique personality 
structure has been gradually replaced by the search for various personality characteristics 
that might be associated with different drinking styles and behaviours.
1.3.3 Areas of Investigation in the Study of Personality and Alcohol Abuse
According to Cox (1988) there are three different kinds of investigations which 
researchers have tended to undertake in the study of the link between personality and 
alcoholism. The first approach is concerned with identifying the personality characteristics 
which may predict its development. Included in this approach are longitudinal studies of 
people at high risk for alcoholism by virtue of a positive family history of the disorder. The 
second approach is concerned with determining whether the personalities of individuals 
with alcoholism are distinctly different from those of non-alcoholics, and if so in what 
ways; and the third approach is concerned with both the acute and chronic effects of 
alcohol consumption on personality. Investigators hope that by disentangling the causes 
of alcoholism from its effects they will be able to better explain why some people engage 
in such a behaviour or activity which is addictive. They also hope that they will also be 
able to identify those who are at risk from developing such a disorder, so that prevention 
strategies can be implemented.
1.3.3.1 Personality Precursors of Alcoholism.
During the past three decades the search for personality precursors of alcoholism has been 
intense. Although a distinctive alcoholic personality has not been identified, research 
findings suggest that there are certain premorbid personality characteristics which may 
accompany the later development of alcohol abuse. These characteristics include 
independence, aggressiveness, rebelliousness, rejection of societal values, antisocial 
behaviour, impulsivity, psychopathology, sensation seeking, and low self-concept 
(Samuels and Samuels, 1974; lessor and lessor, 1977; Wingard, Huba, Bentler, 1980; 
Cox, Lun, Loper, 1983). Although numerous studies have been undertaken in this area
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of research, it is beyond the scope of this thesis to review them all in detail, and therefore 
only a few examples will be highlighted (many of the others, however, have been reviewed 
by Cox (1983; 1988) and Lang (1983)).
One of the first major longitudinal studies in the search for precursors and developmental 
factors in alcoholism was undertaken by McCord and McCord (1960,1962). Using data 
collected as part of a project to prevent delinquency, the behaviours of 225 lower-class 
boys aged nine to fourteen, were studied in 1935 and followed up by McCord and 
McCord in 1956. The investigators found that by the time the subjects had reached 
approximately 30 years of age, twenty-nine had developed problems relating to 
alcoholism. When comparisons were made between the childhood personality 
characteristics of the alcoholic group and a control group of 158 boys who had no 
alcoholism or criminal record but who had been part of the original sample, the alcoholic 
group were found to be to be more self confident, somewhat sadistic, sexually anxious, 
had higher levels of unrestrained aggression, and were more disapproving of their 
mothers. McCord and McCord summarised this cluster of characteristics as overemphasis 
on masculinity, which they felt served as a facade, covering up “feminine” tendencies 
which were repugnant to the boys. They also suggested that at some time in adulthood, 
the pre-alcoholic boys had learnt that alcohol provided them with a compromise solution 
to their conscious or unconscious dilemmas, and that heavy drinking helped to reinforce 
their masculine self-image.
In another study undertaken in the same year, Robins, Bates and O'Neal (1962) foUowed- 
up a group of 505 men and women who had at one time been patients in a children's 
mental health clinic. They found that as adults 84 had become alcoholic. Using 
information contained in the agency records, the researchers compared the childhood 
descriptions of the alcoholic group with those of other individuals who had also been 
patients at the hospital but had not developed any alcohol problems. They found that the 
childhood descriptions of the alcoholics had a higher frequency of symptoms of antisocial 
behaviour, and therefore concluded that antisocial personality characteristics appeared to 
predate alcoholism.
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A further significant longitudinal study was carried out by Jones (1968), who assessed the 
personality characteristics of approximately 50 middle-class males at three different stages 
during their developments (junior high, high school and adulthood). As adults she 
classified all of the subjects as problem, heavy, moderate or light drinkers or abstainers 
using ratings of frequency and levels of alcohol consumption. Six males were classified 
as problem drinkers and at all three stages of their development they were reported to be 
more uncontrolled, hostile, expressive, impulsive, indulgent and rebellious than their peers. 
In spite of the differences in methodology and the economic status of the individuals who 
participated in the above studies, all three investigations found that pre-alcoholics were 
nonconforming, impulsive and aggressive.
Further support for these findings has been obtained from other studies in which data has 
been gathered through the use of standardised personality questionnaires, particularly the 
Minnesota Multiphasic Personality Inventory (MMPI) (e.g., Kammeier, Hofifinan, Loper, 
1973; Loper, Kammeier, Hofi&nan, 1973; Hofi&nan, Loper and Kammeier, 1974). For 
example, between the late 1940's until 1962, as part of the admissions procedure, the 
MMPI was routinely administered to all new college students at the University of 
Minnesota. Eventually, some of the students who attended the University developed 
problems with alcohol and sought treatment. A search of 12,000 files fi'om two of the 
major alcoholic treatment services in Minnesota revealed that approximately 600 patients 
diagnosed as suffering from alcoholism may have attended the University between 1947 
and 1961. From these 600, proof of attendance was established for 38 men, and the 
MMPFs which they completed as college fi*eshmen were found and scored. In the first of 
a series of studies, the pre-alcoholic personality characteristics of this group were 
compared with profiles obtained on admission to the two treatment centres (Kammeier, 
Hoffinan, Loper, 1973). It was found that a progression to overt alcoholism was 
accompanied by an increase in irritability, depression, hostility, anxiety, impulsivity and 
resentment, by a strong need to manipulate and use others and by difficulties with 
interpersonal relationships. In the second study, the personality characteristics of the 
alcoholics as college freshmen were compared with those of a randomly selected control 
group consisting of 148 of their classmates. Unfortunately no follow-up testing was 
conducted on the controls. Nevertheless, the results suggested that as a group, the college 
pre-alcoholics appeared to be more gregarious, impulsive and less conforming than their
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classmates, but there was no evidence to suggest that they were any more maladjusted 
than their peers (Loper, Kammeier, Hofifinan, 1973). As adult alcoholics, the subjects 
were, however, found to be significantly more maladjusted than non-alcoholics, which 
suggested that the maladjustment developed after the onset of problem drinking. The 
researchers concluded that further studies were therefore needed to test this hypothesis.
In another MMPI study, Hofifinan, Loper and Kammeier (1974), examined the scores of 
pre-alcoholics and controls on two empirically derived alcoholism scales from the MMPI, 
the Rosenberg (ARos: Rosenberg, 1972) and the MacAndrew (MAC: MacAndrew, 
1965). Both of these instruments had been previously derived by item response fi’equency 
analysis of the MMPI scores of alcoholic and non-alcoholic patients. Hofifinan and his 
colleagues found that the pre-alcoholics scored significantly higher on both the MAC and 
the ARos compared with their peers. Furthermore, both scales classified 72% of the pre­
alcoholics as alcoholic and 72% of their classmates as non-alcoholic.
Within recent years, the work of Cloninger and his co-workers has attracted increasing 
attention. Cloninger has developed a theory of personality (Cloninger, 1986) and a 
typology of alcoholism (Cloninger 1987b), both of which will be discussed in more detail 
in a later sections of this thesis. In addition, he and his colleagues have also attempted to 
identify the personality characteristics which predict alcohol abuse in young adults by 
undertaking a prospective longitudinal study of a group of Swedish children. Using data 
collected as part of a project concerned with the development of adopted children, 
Cloninger, Sigvardsson, Bohman (1988) studied the behaviours of 233 boys and 198 girls 
at the ages of 11 and 27 years. They found that by the age of 27, thirty boys and two girls 
had been registered for alcohol abuse. They also found that high “novelty seeking” 
behaviour (e.g., the tendency to be impulsive, exploratory, quick tempered and easily 
bored) and low harm avoidance behaviour (e.g., the tendency to be confident, relaxed, 
optimistic, carefree, and outgoing) were strongly predictive of an early-onset of alcohol 
abuse.
In summary, these research findings indicate that whilst pre-alcoholics may not show signs 
of maladjustment, they do appear to have identifiable personality characteristics which 
distinguish them from control subjects. In particular, they tend to be more independent,
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impulsive and less conforming.
Other studies have, however, produced somewhat less consistent findings. For example, 
during the 1980’s several studies were undertaken to establish whether there were any 
personality characteristics associated with a heightened risk of alcoholism by virtue of 
family history. In one such study, Saunders and Schuckit (1981) proposed that non­
alcoholic young men with positive family histories of alcoholism might score differently 
on the various alcohol-related subscales of the MMPI compared with controls. They 
therefore administered the MMPI to 30 non-alcoholic men aged 20 to 25 who had a first- 
degree alcoholic family member and to a control group matched on demography and 
drinking behaviour but with no family history of alcoholism. Comparisons were made 
between the scores obtained by the two groups on various alcohol-related MMPI scales 
including the ARos and MAC. Initially, the subjects with the positive family histories of 
alcoholism were found to score significantly higher on the MAC scale than the control 
group, but no significant differences were found between the scores of the two groups on 
the ARos scale. Further analysis of the data, however, revealed that the scores of both 
groups fell within the normal range on the MAC scale, and that the averages between the 
two groups differed only slightly by just more than two points. In addition, it was also 
found that the two groups differed significantly on only one of the six MAC subfactors, 
‘Interpersonal Competence’.
In another investigation, Schuckit (1983) administered the Eysenck’s Personality 
Inventory (Eysenck and Eysenck, 1964) to a group of 32 non-alcoholic young men with 
an alcoholic close relative and a group of controls. He found that there were no significant 
differences between the neuroticism or extraversion scores of the young men with positive 
family histories and those with negative family histories. He concluded that the findings 
of his study suggested that neither extraversion nor neuroticism are related to a 
predisposition to alcoholism. However, in contrast, other studies have shown that 
adolescent sons with a positive family history of alcoholism do present a more neurotic 
personality profile than sons with no family history of alcoholism. For example. Tarter, 
Hegedus, Goldstein, Shelly, Alterman (1984) administered a battery of intellectual, 
neuropsycholocical, personality and behavioural measures including the MMPI to a group 
of 16 males who had alcoholic fathers and a comparison group of 25 males of non­
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alcoholics. They found that the males with positive family histories presented a more 
neurotic personality profile than those with negative family histories.
Whether neuroticism is related to a predisposition to alcoholism remains unclear. 
Furthermore, although there is now general agreement that individuals with positive 
histories for alcoholism are more at risk fi'om developing the disorder than those with 
negative femily histories (Schuckit, 1987), no consistent personality characteristics have 
been linked to the increased risk. Additional research within this population is therefore 
warranted, possibly using more recently developed personality rating scales such as the 
EPQ-Revised (EPQ-R: Eysenck and Eysenck, 1991), the revised NEO Personality 
Inventory (NEO-PI-R: Costa and McCrae, in press) or the Temperament and Character 
Inventory (TCI: Cloninger, Przybeck, Svrakic, Wetzel, 1994).
1.3.3.Ü Personality Characteristics of Diagnosed Alcohohcs
According to Lang (1983) the alcoholic personality has been the most widely studied area 
in the addiction literature. A plethora of studies have been undertaken to try and identify 
personality characteristics that distinguish alcoholics fi’om non-alcoholics. Only a brief 
review of some of the major research findings is included here, as a comprehensive review 
would assume epic proportions.
Much of the information about the personality characteristics of alcoholics has been 
gathered fi’om individuals who have been clinically diagnosed as having alcoholism and 
who are receiving treatment for the disorder. One of the most commonly used approaches 
within this area of research is to administer standardised personality tests to such patients 
or clients, and then to report on their average group scores or to compare their scores 
with those of other individuals who are not known to be experiencing any addictive 
behaviours. Using this approach, it has been shown that several of the premorbid 
personality characteristics which seem to accompany the development of alcoholism are 
also apparent after its onset. For example, it has been found that sensation seeking which 
is defined as "the need for varied and novel and complex sensations and experiences and 
the willingness to take physical and social risks fo r the sake o f such experience
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(Zuckerman, 1979, plO) is positively correlated with both non-dependent and dependent 
alcohol use (Zuckerman, 1978; Kilpatrick, Sutker, Smith 1976). It has also been shown 
that both alcoholics and pre-alcoholics have elevations of Scale 4, the ‘Psychopathic 
Deviate’ scale of the MMPI (Loper, Kammeier, HofBnan, 1973; Owen and Butcher, 
1979; Cox, 1979). Elevations of Scale 4 are generally interpreted as a disregard for social 
customs, impulsivity, a low tolerance for finstration, an inability to profit fi'om punishing 
experiences and an emotional shallowness in relation to others (Dahlstrom and Welsh, 
1960).
According to Irwin, Schuckit, and Smith (1990) research findings indicate that 75% to 
80% of individuals with psychopathy, otherwise referred to as antisocial personality 
disorder, will at sometime during the course of their disorder develop severe enough 
alcohol-related life problems to fiilfil the criteria for secondary alcoholism. Irwin and his 
colleagues have also cited evidence which suggests that between 10% and 20% of 
alcoholic men being treated for alcoholism probably have a pre-existing antisocial 
personality disorder. However, in a recent study of 178 hospitalised alcoholics and 86 
poly-drug addicts, DeJong, van den Brink, Harteveld, van der Wielen (1993) found that 
48% of the alcoholics and an even larger percentage of the drug addicts, met the criteria 
for the diagnosis of antisocial personality disorder.
In comparison with primary alcoholics, i.e those for whom alcoholism is the major 
presenting disorder, those with antisocial personality disorder have been found to be more 
likely to show an earlier age at onset, a more rapid progression from minor to major 
alcohol-related problems, and have more problems associated with their alcohol abuse 
(Schuckit, 1973; Goodwin, 1979; von Knorring, Lindberg, Edholm, 1987; Randolph and 
Yates, 1993; Hesselbrock, Hesselbrock, Babor, Stabenau, Meyer, Weidenman, 1984). As 
a consequence it has been argued that it is important to distinguish individuals who 
develop alcohol or drug problems within the context of antisocial personality disorder 
from those who as a result of alcohol or drug abuse become involved in activities and 
behaviours (criminal activity, frequent fights, impulsivity) which could be labelled as 
psychopathic or antisocial (Irwin, Schuckit, Smith, 1990; von Knorring, von Knorring, 
Smigen, Lindberg, Edholm, 1987).
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In addition to meeting the diagnostic criteria for antisocial personality disorder, alcoholics 
also meet the criteria for the diagnosis of other psychiatric disorders, particularly affective 
disorders vrith marked frequency. Schuckit, Irwin, and Smith (1994) suggest that there 
are several lines of evidence which indicate that about one third of all alcohol-abusing 
patients experience such severe depressive episodes that they could qualify for a diagnosis 
of a major depressive disorder. Furthermore, from studies in which the MMPI has been 
administered to alcoholics, it has been repeatedly shown that in addition to their elevations 
on Scale 4, many alcoholics typically show elevations on Scales 2 (Depression) and 7 
(Psychasthenia) (Owen and Butcher, 1979; Cox, 1979). Elevations on these latter two 
scales reflect pessimism and despair, lack of psychic energy, an inability to enjoy life, 
anxiety, worry, indecisiveness and irrational fears (Dahlstrom and Welsh, 1960). The 
severity of these symptoms has also been shown to vary directly with the degree of 
alcohol dependence (Skinner and Allen, 1982).
Evidence hnking both depression and anxiety with the development and expression of 
alcoholism has also been obtained from a number of studies which have utilised other 
psychometric tools besides the MMPI. For example, in comparison with controls, 
individuals diagnosed as suffering from alcoholism have been found to score significantly 
higher on the Somatic Anxiety, Psychic Anxiety, Muscular Tension and Psychasthenia 
Scales of the Karolinska Scales of Personality (Hallman, von Knorring, Edman, Oreland, 
1991); the Hamilton Rating Scale and the Beck's Depression Inventory (Steer, McElroy, 
Beck, 1983). Furthermore, low self-esteem, a characteristic which may also be related to 
both depression and anxiety, has also been associated with alcoholism (Cox, 1979). It has 
been argued however, that the relationship between depression and drinking appears to 
be far weaker among problem drinkers than among diagnosed alcoholics (Midanik, 1983), 
This difference suggests that depression may be a consequence rather than a precursor of 
alcohol abuse.
Studies in which one of Eysenck's personality questionnaires or inventories (EPI; Eysenck, 
and Eysenck, 1964; EPQ, Eysenck and Eysenck, 1975; EPQ-R; Eysenck and Eysenck, 
1991) have been administered to groups of alcoholics have also demonstrated that 
alcoholics score significantly higher on the neuroticism scale than non-alcoholics (Rankin, 
Stockwell, Hodgson, 1982; Hallman, von Knorring, Edman, Oreland, 1991). Eysenck’s
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neuroticism scale is purported to measure ‘emotionality’ and a typical high neuroticism 
scorer is described as being anxious, worried, moody and frequently depressed, whereas 
a low scorer on the other hand is usually calm, even-tempered, controlled and unworried. 
Given the fact that controversy exists as to whether pre-alcoholics are more neurotic than 
controls, it is not clear whether neuroticism is an antecedent personality characteristic of 
alcoholism or whether it develops as a consequence of prolonged excessive drinking. It 
has also been found, using the same questionnaires, that alcoholics tend to score higher 
on the psychoticism scale than non-alcoholics (Eysenck and Eysenck, 1976; Rankin, 
Stockwell, Hodgson, 1982). Psychoticism can be referred to as ‘tough-mindedness’ and 
high scorers may be described as troublesome, solitary, cruel, inhumane, insensitive and 
aggressive. Data concerning the scores of alcoholics on the extraversion-introversion 
scales of these questionnaires has, however, been somewhat more inconsistent. One study 
for example, has shown that alcoholics score significantly lower on the extraversion scale 
than non-alcoholics (Rankin, Stockwell, Hodgson, 1982); whereas another has reported 
finding higher levels of extraversion within an alcoholic population (MacAndrew, 1980).
By combining the results of the studies highlighted above, it can be concluded that certain 
personality characteristics, namely anxiety, depression, low self-esteem, impulsivity and 
psychopathic deviation appear to be prominent among alcoholics. However, it must be 
pointed out that the vast majority of studies in this area of research have almost 
exclusively employed male alcoholics who have presented themselves for treatment. With 
such restricted samples, caution must be exercised in generalizing about these 
characteristics to the entire alcoholic population.
1.3.3. iii Effects of Alcohol on Personality
As indicated previously, some of the characteristics that have been found to distinguish 
alcoholics from non-alcoholic seem to be antecedents of the disorder and have contributed 
to its development, whereas other characteristics appear to be the consequences of 
prolonged excessive drinking.
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Since the 1960's, a growing number of clinical studies have been undertaken to objectively 
assess the effects of alcohol on human behaviour. It is now well established that the 
psycho-physiological effects of alcohol are complex and diverse, and may be modulated 
by a whole range of non-pharmacological factors including the personality characteristics 
of the user, his/her emotional state, his/her previous experiences with the drug, his/her 
expectations, and the social circumstances in which the alcohol is consumed (Mello, 1972; 
Mello, 1983).
As mentioned earlier, depression and anxiety have frequently been linked with alcoholism. 
However, the question which has puzzled many researchers and clinicians is whether these 
negative feelings are etiological to, or a consequence of the disorder. Many of the studies 
which have been undertaken to assess the psychological effects of alcohol have focused 
on changes in mood states which accompany its acute or chronic ingestion. Although it 
has been repeatedly demonstrated that alcoholics tend to have positive expectancies about 
their use of alcohol (McGuire, Mendelson, Stein, 1966), evidence from controlled clinical 
research, in which individuals have been observed during intoxication, has not 
substantiated these self-report findings. In fact, in her review of the literature, Mello 
(1983) cited evidence from several studies which consistently demonstrated that although 
low doses of alcohol tend to result in positive affective reactions, chronic alcohol 
consumption gives rise to increases in depression, anxiety and dysphoria in both alcoholics 
and social drinkers. Furthermore, there is also evidence which suggests that the effects of 
alcohol on mood are related to the personality characteristics of the individuals. Sher and 
Levenson (1982) for example, found that male college students who were characterised 
as outgoing, aggressive, impulsive, and antisocial, had more intense affective reactions to 
alcohol than other college males.
In addition to studying the effects of alcohol on mood, clinical laboratory studies have 
also investigated the effects that ethanol can have on aggression. There is considerable 
evidence that aggressive patterns of behaviour are frequently associated with the excessive 
use of alcohol (Bushman, 1993; Taylor and Chermack, 1993). Many murders, armed 
robberies, incidents of domestic violence, incidents of child abuse and other violent 
behaviours have for example been found to be accompanied by excessive alcohol 
consumption (Royal College of Psychiatrists, 1986). It has also been found that alcohol
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dependent men tend to report more anger and aggression when drinking than when sober, 
especially those with a history of childhood aggression (Jaffee, Babor, Fishbein, 1988; 
Fishbein, Jaffe, Synder, Haertzen, Kckey, 1993).
Studies of social drinkers support the impression that alcohol facilitates the expression of 
aggressive behaviours (Bailey and Taylor, 1991; Bond and Lader, 1986). For example, 
in a study of 60 intoxicated and non-intoxicated male undergraduates with self-reported 
high, moderate and low aggressive tendencies, Bailey and Taylor (1991) found that all 
three groups of subjects including those who reported themselves as non-aggressors 
became more aggressive when intoxicated.
It is now well established that the neurotransmitter serotonin plays a functional role in the 
regulation of impulsive and violent behaviour, as well as depression and various other 
psychiatric disorders. It has been shown for example, that depressed patients who have 
attempted suicide have significantly lower concentrations of CSF 5-HIAA, the main 
metabolite of serotonin, than healthy controls (Asberg, Traskman, and Thoren, 1976). It 
has also been demonstrated that impulsive violent offenders have lower levels of CSF 5- 
HIAA than offenders who have premeditated their acts (Linnoila, Virkkunen, Scheinin, 
Nuutila, Rimon, and Goodwin, 1983). Given the fact that acute alcohol consumption has 
been shown to decrease central serotonin activity (e.g., Badawy, Morgan, Thomas, 
Lovett, 1988), it is tempting to speculate that some of the effects of alcohol on 
personality, as described above, may be linked to an induced serotonin deficiency. Further 
studies are clearly needed to test this hypothesis.
1.3.4 Personality Characteristics Associated With Subtypes of Alcoholism
Although the personality characteristics described above have been found among 
diagnosed alcoholics, it cannot be assumed that they are necessarily common to all 
individuals, or that they are present to the same degree. Many of the studies which have 
been undertaken to identify personality differences between alcoholic subtypes have 
utilised information obtained through the MMPI, and the statistical procedure known as 
cluster analysis to group together alcoholics whose personality characteristics are similar.
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Using this technique and data collected from 513 alcoholics, Goldstein and Linden (1969) 
for example, identified four distinct subgroups of alcoholics which had differing 
personality characteristics and drinking patterns. Type I was characterised by an elevated 
MMPI Scale 4 (Psychopathic scale), and individuals within this type of alcoholism were 
described as having an emotionally unstable personality, with poorly controlled anger 
and/or psychopathy. Type 2 was characterised as having an elevated MMPI 2-S-7-4 
(Depression, Schizophrenic, Psychasthenia, Psychopathic) profile, marked by the presence 
of either anxiety reaction or reactive depression, with somatic complaints and suicidal 
ideation. Significant dependency and chronic severe alcoholism were also typical of this 
group. Type III was characterised by a 4-9-2 (Psychopathic, Hypomania, Depression) 
profile, and was seen as chronically alcoholic with sporadic attempts at abstinence. Denial 
of difficulties, uncooperative attitudes and poor prognosis were also associated with this 
type. Type IV was associated with a 4-9 (Psychopathic, Hypomania) profile, and 
secondary characteristics of drug addiction and paranoid features. Relatively lengthy 
periods of abstinence were characteristic of this group. Several attempts have 
subsequently been made to try and replicate the MMPI alcoholic personality subtypes that 
were derived by Goldstein and Linden (Whitelock, Overall, Patrick, 1971; Skinner, 
Jackson, Hoffinann, 1974; Donovan, Chaney, OLeary, 1978; Nerviano and Gross, 1983), 
the majority of which have shown some degree of comparitability. For example, 
Whitelock et a/. (1971) found “quite striking” similarities between the first three of their 
four clusters and Goldstein and Linden’s first three types. Also, Skinner, Jackson and 
Hoffinan (1974) found correspondence between their Type 1 alcoholics and Goldstein and 
Linden’s Type 2 and Whitelock et a/.’s Type 3, while another of their subgroups 
resembled Goldstein and Linden’s Type 2 group.
As has been previously mentioned, during the late 1980’s, Cloninger (1986; 1987b) 
proposed a unified biosocial theory of personality in which he postulated that personality 
was comprised of three genetically independent tenq)erament dimensions: novelty seeking, 
harm avoidance and reward dependence (further details about these dimensions are given 
in Chapters Three and Four of this thesis). He hypothesised that individual differences 
along these dimensions were regulated by the neurotransmitters dopamine, serotonin, and 
noradrenaline respectively. To measure these three personality dimensions, Cloninger 
initially developed the Tridimensional Personality Questionnaire (TPQ: Cloninger, 1987c).
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Subsequently, he and his colleagues developed a second questionnaire, the Temperament 
and Character Inventory (TCI: Cloninger, Przybeck, Svrakic, Wetzel, 1994) which 
contains many revised items from the TPQ. Both of these instruments are discussed in 
much greater detail in Chapters Two, Three and Four.
Relating his theory of personality with the onset of alcohol problems, Cloninger (1987a) 
proposed that the development of Type 1 alcoholism, associated with loss of control and 
guilt and fear about dependence, was also associated with the triad of traits characteristic 
of individuals with passive dependent or "anxious” personalities such as low novelty 
seeking, high harm avoidance and high reward dependence. In contrast, he suggested that 
the Type 2 alcoholism, which was typically associated with an inability to abstain and 
antisocial behaviour, was associated with the triad of traits characteristic of individuals 
with an antisocial personality, such as high novelty seeking, low harm avoidance, low 
reward dependence (Table 1.6) (Cloninger, 1987a).
Table 1.6 Distinguishing Personality Traits of Two Types of Alcoholism
Pers(mality Trait Type 1 Alcoholism Type 2 Alcoholism
Novelty Seeking Low High
Harm Avoidance High Low
Reward Dependence High Low
Cloninger’s theories and predictions have attracted growing attention since their 
inception, and have been the focus of many investigations. For example, several studies 
have now been undertaken to test the validity of the TPQ (many of which are highlighted 
in Chapter 4 of this thesis). These studies have shown within normal populations that both 
the harm avoidance and novelty seeking scales are fairly reliable and valid scales, although 
doubts have been raised about the reliability of the reward dependence scale and subscales 
(e.g.. Waller, Lilienfield, Tellegan, Lykken, 1991; Cloninger, Przybeck, Svrakic, 1991; 
Wetzel, Knesevich, Brown, Wolff, Horn, Cloninger, 1992).
Recent biological studies have also demonstrated links between the temperament 
dimensions and the neurotransmitters dopamine, serotonin and norephinephrine. For
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example, studies of experimental animals, Parkinson’s disease patients, and the effects of 
dopamine agonists such as amphetamines, cocaine and alcohol compared to dopamine 
blockers such as haloperidol have all demonstrated that novelty seeking behaviours are 
related to dopamine (Cloninger, 1991; Menza, Golbe, Cody, and Forman, 1993). It has 
also been repeatedly shown that within humans, serotonergic activity, as measured by 
cerebrospinal fluid concentrations of its metabolites is lower in individuals who are 
extreme risk takers than those who are show more harm avoidant behaviour (Brown, 
Goodwin, Ballenger, Goyer, Major, 1979; Banki and Arato, 1983; Linnoila, Virkkunen, 
Scheinin, Nuutila, Rimon, Goodwin, 1983).
Evidence has also been obtained which is consistent with Cloninger’s notion that the 
temperament personality dimensions are moderately hereditable. Two groups of 
researchers for example, have identified that the D4 dopamine receptor gene (D4DR) on 
the short arm of Chromosome 11 accounts for about 10% of the genetic variation in the 
personality trait of novelty seeking. Individuals with long alleles of the D4DR gene were 
found to be higher in novelty seeking, than those with only short alleles (Ebstein, Novick, 
Umansky, Priel, Osher, Blaine, Bennett, Nemanov, Katz, Belmaker, 1996; Benjamin, Li, 
Patterson, Greenberg, Murphy and Kamer, 1996). As far as could be ascertained, no 
genetic studies have as yet found the genes which relate directly to the harm avoidance 
and reward dependence traits. Further genetic and biological research is therefore needed, 
especially studies which attempt to directly correlate neurotransmitter activity with the 
temperament personality dimensions as measured by the TPQ or TCI.
Several investigations concerning the validity of Cloninger’s Type 1/Type 2 theory of 
alcoholism and the clinical utility of his two proposed subtypes have also been undertaken. 
Cannon, Clark, Leeka, Keefe (1993) studied hospitalised male veterans and examined the 
relationship between the features of Type 2 alcoholism and the TPQ scale scores. They 
found that novelty seeking was positively correlated with the Type 2 alcoholism 
characteristics, and negatively correlated with the age of onset of problem drinking. 
Similarly, Sullivan, Baenzinger, Wagner, Rauscher, Numberger, Holmes (1990) showed 
that Type 2 alcoholics scored significantly higher on the novelty seeking dimension of the 
TPQ than Type 1 alcoholics. However, they found no significant differences between the 
alcoholic subtypes on either the harm avoidance or reward dependence dimensions.
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Nevertheless, Type 2 alcoholics were more likely to consume alcohol at an earlier age, and 
to have an earlier age of onset of illness and entry to treatment than the Type 1 alcoholics. 
The results of several other studies have been somewhat less consistent. Nixon and 
Parsons (1990) administered the TPQ to 267 substance abusers, 172 of whom were 
alcoholic, and attempted to use the personality scale scores to assign the alcoholics into 
Cloninger’s Type 1 and Type 2 subgroups. Their results showed that many of the 
alcoholics were classified as low on both novelty seeking and harm avoidance, and it was 
therefore concluded that the TPQ may not be a reliable tool for classifying alcoholics into 
the two proposed subgroups. Similarly, Penick, Powell, Nickel, Read, Gabrielli, and 
Liskow (1990) attempted to assign 360 veteran alcoholics into the Type 1 and Type 2 
categories by using the age-of onset and symptom criteria. They found that there was a 
marked overlap between the two symptom clusters, and that 91% of their sample group 
satisfied the symptom criteria for both the Type 1 and Type 2 subgroups.
To date, none of the studies which have tested Cloninger’s theories and predictions have 
been carried out in the United Kingdom. In fact, almost all of the studies highlighted 
above were undertaken in the United States. There is therefore a need for more 
international research to be conducted to test Cloninger’s hypotheses. Furthermore, no 
attempts have, as yet, been undertaken to determine whether the TCI is a more reliable 
tool that the TPQ for classifying alcoholics into Cloninger’s two subgroups. It is possible 
that some of the inconsistencies reported above could have been attributed to problems 
with the validity of the TPQ within the alcoholic populations.
von Knorring, von Knorring, Smiglindberg, Lindberg, Edholm (1987) have also reported 
that their Type 1 and Type 2 alcoholism subgroups have distinguishing personality 
characteristics. These appear to be very similar to those which Cloninger has associated 
with his two subtypes (Cloninger, 1987a). For example, von Knorring, Bohman, von 
Knorring and Oreland (1985) demonstrated that their Type 2 alcoholics tended to have 
significantly higher scores on sensation seeking and extraversion when compared with 
their Type 1 alcoholics. Using the Karoliska Scales of Personality, an inventory for 
assessing temperament dimensions associated with vulnerability for psychosocial deviance, 
von Knorring et al (1987) also showed that in comparison with healthy controls, both the 
Type 1 and Type 2 alcoholics had higher scores on the scales that measured somatic
49
anxiety, psychic anxiety, muscular tension, impulsiveness, detachment, psychastenia, 
suspicion, guilt and inhibition of aggression. Both groups also had lower scores on the 
socialization scale. Furthermore, when compared with the Type 1 alcoholics, the Type 2’s 
were found to have significantly higher scores on the somatic anxiety and verbal 
aggression scales and significantly lower scores on the socialization and inhibition of 
aggression scales.
The identification of alcoholic subtypes has obvious practical implications for both 
treatment and prevention. If clinicians and researchers could identify whether certain 
subgroups of alcoholics respond more effectively to one form of treatment than another, 
appropriate matches could be made and treatment outcomes would be likely to improve. 
It is therefore important that further progress in made within this field of research. Future 
research on alcoholic personality subtypes could also help to elucidate the causes of 
alcoholism and differing patterns of alcohol abuse.
1.4 Conclusions From Literature Review and Objectives of Thesis: Links 
Between Serotonin Metabolism, Personality and Drinking Behaviours?
The above sections have shown that the neurotransmitter serotonin has been implicated 
in the control of alcohol intake and the development of alcoholism. It has also been 
purported that serotonin plays a crucial role in the neuromodulation of the personality trait 
of harm avoidance. In addition, it has been demonstrated that certain personality 
characteristics, including extreme variations in harm avoidance, have been correlated with 
different drinking patterns and behaviours.
Although alcoholism is becoming increasingly recognised as a multidimensional 
phenomenon, involving biological, personality and sociocultural factors, very few attempts 
have been made to relate personality characteristics with biological or biochemical 
markers of susceptibility to alcoholism. The overall purpose of this research was to further 
examine the serotonergic deficit hypothesis of alcoholism by focusing on the 
interelationships between serotonin metabolism, certain personality traits especially the 
serotonergic modulated trait of harm avoidance as defined by Cloninger (1986), and the
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effects of alcohol consumption. It was hoped that by undertaking a series of biochemical 
and psychological studies, a much clearer picture of the role of serotonin in the control 
of alcohol intake and the development of alcoholism would emerge.
The specific objectives of this thesis were:
♦ To assess whether the 5-hydroxyindoleacetic acid : indoleacetic acid (5-HIAA 
: lAA) and 5-hydroxindoleacetic acid : anthranilic acid (5-HIAA : AA) ratios 
could be used rehably to distinguish alcoholics fi’om non-alcoholics, and if so, 
whether the ratios of the alcoholics would remain decreased even after a period 
of abstinance.
♦ To evaluate whether the TPQ and TCI could be used reliably within a British 
population to measure the proposed temperament dimensions of novelty seeking, 
harm avoidance, reward dependence.
♦ To determine whether a positive correlation could be found between personality 
trait scores of harm avoidance and serum/urine levels of serotonin metabolites as 
predicted by Cloninger (1986).
♦ To investigate whether an acute dose of alcohol affected individuals with high 
harm avoidance, particularly in relation to changes in tryptophan metabolism, more 
than individuals with low harm avoidance.
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2.0 MATERIALS AND METHODOLOGY
This thesis comprises four separate studies which focus on serotonin metabolism, 
personality traits and the effects of acute and chronic alcohol consumption. Serotonin and 
tryptophan metabolism in humans can be studied in tissues from postmortem studies and 
samples of cerebrospinal fluid (CSF). However, it was not possible to use such methods 
in the non-clinical studies which were undertaken as part of this thesis. Therefore, urinary 
and serum measures of tryptophan and serotonin metabolites, as determined by High 
Performance Liquid Chromatography (HPLC) were used to monitor the level of 
endogenous serotonin and tryptophan activity within the body. Various psychometric 
tools, including Cloninger's Tridimensional Personality Questionnaire, the Temperament 
and Character Inventory (TCI) and Eysenck’s Personality Questionnaire-Revised (EPQ-R) 
were also used.
2.1 High Performance Liquid Chromatography
2.1.1 Overview
Chromatography is the generic name given to methods by which the components of a
sample are separated from each other by virtue of differences in the equilibrium
distribution {K) of the components between two phases, one of which is stationary whilst
the other is mobile. The stationary phase can be either solid or liquid, and the mobile
phase may be either liquid or gaseous. In the chromatographic process, each component
of a sample (X) is distributed between the two phases and the separation of individual
components is determined by their relative affinities for the stationary phase. Thus the
corresponding distribution coefficient for component X is given by:
K = Xs (Stationary phase)
Xm (Mobile phase)
Differences in the physical and chemical properties of the individual components 
determine the extent to which they will be distributed between the two phases, and the 
speed at which they will be eluted from the chromatographic system. Components which 
are weakly adsorbed into the stationary phase i.e highly distributed in the mobile phase 
travel through the chromatographic system faster than components which are more
52
strongly adsorbed i.e more highly distributed in the stationary phase. The time required 
for a component to be eluted from the chromatographic system is known as the ‘retention 
time’.
High Performance Liquid Chromatography (HPLC) was developed in the 1960's as a 
technique for the separation of complex chemical mixtures. As its name implies, HPLC 
utilises a liquid mobile phase to carry the test sample through the chromatographic system. 
It is important that this liquid, sometimes known as the solvent or eluent, is high in purity, 
immiscible with the stationary phase, low in viscosity, degassed (e g have dissolved gases 
displaced) and unable to react with the absorbent. Water, aqueous buffer solutions, 
organic solvents such as methanol and acetonitrile or mixtures of the above are commonly 
used in HPLC separation.
The stationary phase employed in HPLC is composed of a densely packed column 
containing microparticles of alumina or silica, which are generally between 3 - 5 pm in 
diameter. The column is typically 10 - 25cm long, and 4 - 6mm in internal diameter. 
Columns are usually made of stainless steel and are glass lined to prevent any metal 
catalysis of the solvent and sample which may occur at high pressures. The small size of 
the particles within the packed columns, leads to a considerable resistance in solvent flow, 
and the mobile phase consequently has to be pumped through the column at high pressure. 
A specialised pump is therefore required to maintain a constant flow rate.
In HPLC analysis, test samples are injected into the liquid mobile phase, and carried 
through the analytical separating column. A column preheater, or oven, can be used to 
ensure that the column is kept at a constant temperature, thus improving the reliability of 
the chromatograms. It is the affinity of the individual components to bond with the 
alumina or silica particles which separates the components from each other. Partition 
occurs between the hydrophobic (non polar) alkyl chains of stationary phase and the 
relative hydrophobic (polar) eluent agent or mobile phase. The most polar components 
elute from the system first. Decreasing the polarity of the mobile phase causes it to 
compete more effectively with the stationary phase, which leads to a decrease in the 
retention times for all the components in the test sample. It is therefore possible to control 
the retention times by altering the pH, the concentration of the organic modifier (e g
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methanol), temperature and flow rate. After passing through the column the separated 
components are monitored by a detector, the output of which is an electrical signal. This 
can be displayed on a computing integrator or a VDU screen. As in other forms of 
chromatography the time taken for a component to be eluted fi'om the chromatographic 
system (e g its retention time), is characteristic of that component for a particular set of 
conditions. Tentative identifications of individual components can be made by comparing 
the retention times with those of known compounds suspected to be present. The areas 
(or heights) of the chromatographic peaks are used to quantify the amount of component 
detected in the test sample.
2.1.2 HPLC Equipment
HPLC requires a high pressure pump and a supply of mobile phase or solvent, a column 
containing densely packed microparticles of alumina or silica, an injection unit for 
introducing the samples onto the column, a detector, and some method of displaying the 
detector signal.
Details about the actual equipment which is used at Roehampton Institute London, and 
which was used in some of the investigations undertaken as part of this project are given 
in Table 2.1
Table 2.1 HPLC Equipment Used At Roehampton Institute London.
Apparatus
Shimadzu Autoinjector SDL 6A 
Shimadzu System Controller SCL 6A 
Shimadzu Chromatopac CR4A 
Shimadzu Pump LC 6A 
Oven - set at 30 °c
Shimadzu Electrochemical Detector LECD 6A
Spherisorb Analytical Column CDS II25 cm Internal Diameter 4.6mm
1cm Guard Column
Shimadzu UV Spectrophotometric Detector SPD - 6 A 
Shimadzu Fluorometric Detector RF 535
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2.1,3 Detection of Serotonin and Kynurenine Metabolites in Urine and Serum 
Samples Using HPLC
The separation and identification of tryptophan and its metabolites using HPLC is well 
established and therefore no developmental work was necessary for the method. The 
serotonin assays were detected using the Shimadzu electrochemical detector LECD 6A 
set at an oxidising potential of +0.93v, and a Spherisorb analytical C l8 column ODS II 
25cm in length with an internal diameter of 4.6mm. The kynurenine metabolite assays 
were detected using the Shimadzu UV spectrophotometric detector SPD-6A with the 
wavelength set at 254nm, and the standard response and adsorption setting at 0.001. A 
Spherisorb analytical C l8 column ODS II 25cm with an internal diameter of 4.6mm was 
also used in the kynurenine assays. Both the electrical chemical and UV detectors were 
connected to a computer integrator (Shimadzu Chromatopac CR4A) for direct analysis 
of the changes in electrical activity or light intensity.
The only difference between the mobile phases employed for the serotonin and kynurenine 
metabolite assays was the concentration of the organic modifier (le  methanol). 
Kynurenine metabolites have very short retention times, and therefore no methanol was 
added to the mobile phase. In contrast, the mobile phase used in the serotonin assays had 
a 20% volume of methanol. The mobile phases for the serotonin and kynurenine assays 
were made up as follows:
i) 13.6g potassium dihydrogen orthophosphate and 3.722g ETDA was 
dissolved in 2 litres of HPLC water.
ii) The acidity of the buffer solution was adjusted to pH 3.2.
iii) For the serotonin assay 200ml methanol was added for eveiy litre of buffer.
iv) The buffer was filtered through a Millipore 0.22pm filter.
v) The buffer was degased by sparging with helium for 5 minutes before use.
For the serotonin assays the pump (Shimadzu LC 6A) was set at a constant flow rate of 
1.8ml/minute. However, for the kynurenine assays the following changes in the flow rate 
were made to ensure that the metabolites were resolved:
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Time (mins) Flow Rate (ml/min)
0.1 0.2
3.0 1.8
8.0 1.8
Standard solutions were used for the quantification of both the serotonin and kynurenine 
assays. 99% pure standards were obtained from Sigma, Poole, UK. Unless otherwise 
stated the following standard solutions were used in the investigations undertaken for this 
project:
i) for serotonin assays:
Tryptophan 60ng/ml
Serotonin 20 ng/ml
5-HIAA 20ng/ml
lAA 40ng/ml
AA 30ng/ml
kynurenine assays:
Kynurenine 1000 ng/ml
3-Hydroxykynurenine 1000 ng/ml
3-Hydroxyanthranilic acid 1000 ng/ml
Quinolinic acid 1000 ng/ml
Kynurenic acid 1000 ng/ml
Nicotinic acid 1000 ng/ml
Before the test samples could be analysed, the HPLC equipment was first calibrated using 
the standard solutions. lOOpl of the standard solutions were injected into the HPLC and 
the retention times of the metabolite components were recorded in an identification file. 
Because the later eluting components from the serotonin and kynurenine assays are liable 
to drift over a period of time, a standard solution was run after every 5th test sample, and 
the identification file was updated if necessary
The following procedures were used for the preparation of the urine samples to be 
analysed using HPLC:
i) 5ml of collected urine was transferred into a plastic capped tube containing
5 ml of preservative solution made from 1% sodium metabisulphate
dissolved in IM Hydrochloric Acid.
ii) The samples were then frozen at -75”c until required for analysis.
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iii) After defi'osting, 1ml of the sample was pipetted from the tube into an 
eppendorf and centrifuged for 5 minutes at 12,000 rpm to remove any 
particle matter.
iv) 200pl of the supernatant was extracted and transferred into another 
eppendorf containing 600pl of HPLC pure water. This solution was then 
transferred into an HPLC analysis tubes and placed in the autosamplers 
ready for analysis.
Following collection, the serum samples which were to be analysed for serotonin, 5- 
HLAA, and Anthranilic acid (AA) were mixed with a 5% solution of sulphasilic acid in a 
ratio of 1:1. The sulphasilic acid was used to precipitate the proteins. In contrast, the 
serum samples which were to be analysed for Kynurenine, Quinolinic acid. Nicotinic acid, 
3-Hydroxykynurenine, and 3-Hydroxyanthranilic acid were mixed with a 5% solution of 
perchloric acid in a ratio of 1:4 (sulphasilic acid could not be used because it had been 
found to interfere with the UV detection). The serum samples were then frozen at -75°c 
until required for analysis. After defrosting, the serum samples were centrifuged at 4°c,
12,000 r.p.m for 5 minutes, the supernatant was extracted and placed in the autosamplers 
of the HPLC ready for analysis.
The Shimadzu autoinjector (SDL 6A) was set to inject lOOpl from each of urine and serum 
test samples. The average run times for the serotonin and kynurenine assays were 20 and 
40 minutes respectively. Appendix I shows a typical chromatogram obtained from a 
kynurenine assay.
2,1.4 Analysis of the HPLC Data
The data obtained from the analyses was expressed as ng of metabolite per lOOpl of urine 
or serum. As this data did not take into account the various dilution factors of the 
biological specimens during the preparation for analyses, it was converted into ‘calculated’ 
data, expressed as ng/ml. The metabolite concentrations calculated by the chromatopac 
for each urine sample were therefore multiplied by 80; the serum concentrations of 
serotonin, 5-HIAA and AA were multiplied by 20; and serum concentrations of
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Kynurenine, Quinolinic acid. Nicotinic acid, 3-Hydroxykynurenine, and 3- 
Hydroxyanthranilic acid were multiplied by 40. To express the data in pmol/ml, the 
concentrations of the metabolites expressed in pg/ml were divided by the molecular 
weights of the metabolites. These are listed in Table 2.2.
Table 2.2 Molecular Weights of Tryptophan Metabolites
Metabolite Molecular Weight (g)
Tiyptophan 204.2
Serotonin 387.4
5"Hydroxyindoleactic acid 191.2
Anthranilic acid 137.1
Indoleacetic acid 175.2
Kynurenine 208.2
3-Hydroxykynurenine 224.2
Quinolinic acid 167.1
3-Hydroxyanthranilic acid 153.1
Nicotinic acid 123.1
2.2 Urine Creatinine Measurement
In order to correct for the vaiying dilutions of urine, the samples were assayed for 
creatinine clearance using the Jafife Creatinine Colorimetric method without 
deproteinization Wiich is based on the method detailed by Lustgaraten and Wenk (1972). 
The procedure was automated using the Gilford Impact 400E Clinical Chemistry 
Analyser. Prior to analysis, 50pl of each urine sample was diluted in 450pl water. The 
concentration of creatinine in urine was calculated and expressed as mmol per litre. The 
serotinin/kynurenine metabolite concentrations were then divided by this value for each 
sample to take into account the varying concentrations of individual urine samples and 
thereby control for variations in urinary dilutions.
2.3 Serum Cortisol Measurement
The techniques for measuring the cortisol hormone in blood are well established and 
include radioimmuno assays, HPLC, and enzyme linked immunosorbent assays (ELISA). 
The ELISA assay used for the quantitative determination of cortisol in serum, as part of 
Study 4 (Chapter Six) of this thesis, was based on a method devised by the NETRIA Unit
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at St. Bartholomews Hospital, London. It utilised a donkey anti-sheep immunoglobin solid 
phase antibody, a sheep-cortisol first antibody and a horse radish peroxidase (HRP)- 
conjugated cortisol tracer.
The assay was performed in a one stage format in the presence of sodium salicylate, which 
displaces protein-bound cortisol. The first stage of the analysis involved the preparation 
of fresh cortisol standards. These were prepared by adding 73 pi of 100% ethanol to one 
standard vial of cortisol purchased from Sigma Chemicals, Poole, UK (the vial contained 
exactly 53 pg of cortisol). The vial was then capped quickly to prevent evaporation. To 
this solution, 14.93ml of an assay buffer containing 5g of sodium salicylate and 4ml of 
reconstituted EIA freeze dried protein matrix (which had been supplied by NETRIA and 
diluted with 18ml purified water) was added. The assay buffer had already been prepared 
by mixing 50ml of stock sodium phosphate buffer (0.5M, pH 7.4) with 50ml stock sodium 
chloride buffer (3.0M), and then diluting the solution to 1 litre with double distilled water.
1.5ml of the cortisol standard solution was then pipetted into a clean glass tube and mixed 
with a further 5.8ml of the EIA assay buffer. The concentration of the cortisol standard 
at this point was 2000nM. Using the assay buffer, six serial dilutions of the standard were 
made ranging from 2000nM to 50nM.
20pl from each of the six standard solutions were pipetted into the wells of a microtitre 
plate which had been supplied by NETRIA. The plate contained 12x8 donkey anti-sheep 
immunoglobin coated wells. 20pl from each of the serum samples were also pipetted into 
the remaining wells. 200pl of a HRP-cortisol solution were then dispensed into each well. 
The HRP-corstiol solution had been prepared by diluting 5 pi of HRP-conjugated cortisol 
to 25ml using the EIA assay buffer.The plate was then covered and incubated for two 
hours at room temperature. After incubation, the wells were washed thoroughly using 
850ml of the stock sodium phosphate and sodium chloride buffer solution to which 0.85ml 
Triton XI00 had been added.
To develop the plate, 0.25ml of stock 3,3 %5,5 ’-tetramethylbenzidine (TMB) (obtained 
from NETRIA) was added to 25ml of a substrate buffer (IMsodium acetate/critrate, pH
6.2 containing 13mM H2O 2 ) which had also been obtained from NETRIA. The diluted
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TMB solution was then mixed by inversion, and immediately 200pl of the substrate was 
dispensed into each well. The plate was then covered again and incubated for 20 minutes. 
A blue colour developed. The enzymatic reaction was stopped by adding 50pl per well 
of 2.5MH2SO4 (BDH AnalaR,UK), using a multichannel pipette. A yellow colour 
appeared. The plate was then read by an Anthos Labtec microplate spectrometer, which 
was programmed to read at 450nM with a reference wavelength at 620nM. The cortisol 
concentrations were expressed in nM.
2.4 Measurement of Blood and Breath Alcohol Levels
As part of Study 4 (Chapter Six), subjects were given an acute dose of alcohol (0.8g/kg 
body weight dose of 95% ethanol). Following the ethanol consumption, breath alcohol 
concentrations were measured using a hand-held Lion-SD400 Alcometer (Lion 
Laboratories, South Glamorgan, UK). Serum alcohol concentrations were determined 
using a quantitative enzymatic assay developed by Sigma Diagnostics, Poole. UK. All of 
the reagents needed for this assay were purchased from Sigma.
To measure the serum ethanol concentrations the following procedure was used:
(i) 3.0ml Glycine Buffer Reagent (O.5mol/L Glycine, pH 9.0, with trapping agent) 
were dispensed into each NAD-ADH assay vial (NAD, 1 8pml, ADH (Yeast), 150 
units and buffer salts) supplied by Sigma. The vials were then capped and inverted 
gently several times to disolve contents.
(iii) To one of the vials, 0.01ml of deionized water was added. This became the 
ethanol standard. To the other vials 0.01ml of serum was added.The vials were 
capped and mixed by gentle inversion.
(iv) The solutions were then incubated for 10 minutes at 25°C, before being 
transferred to glass cuvets and placed in a spectrophotometer set at 340nm.The 
readings were completed within 10 minutes.
(v) The concentrations of alcohol in the serum samples were calculated against the 
ethanol standard using the following formula:
Alcohol Concentration, mg/dL = Absorbance of Sample x 80
Absorbance of Standard.
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2.5 Tridimensional Personality Questionnaire
In his original unified biosocial theory of personality Cloninger postulated that personality 
was comprised of three genetically independent temperment dimensions: novelty seeking, 
harm avoidance and reward dependence (Cloninger, 1986). The Tridimensional 
Personality Questionnaire (TPQ; Cloninger, 1987c) was designed to measure these three 
dimensions. It was subsequently validated by its author, and was purchased fi’om C.R. 
Cloninger, Centre for Psychobiology of Personality, Washington University, St. Louis, 
Missouri.
The TPQ is a self-report inventory, that contains 100 statements that people might use to 
describe their thoughts, attitudes or behaviours (Appendix 11). Subjects are asked to use 
true or false responses to indicate whether they agree or disagree with the various 
statements. Each statement was designed to correspond with one of the three personality 
dimensions or their lower order dimensions, as defined by Cloninger (1987b) (Table 2.3). 
The responses are scored using the appropriate scoring key. However, only 98 of the 
items are scored since two items, numbers 61 and 71, were discarded in the early 
development of the test because they failed to differentiate between subjects sufficiently. 
They were nevertheless retained in the document to preserve the number sequence of 
items for computer scoring and storage. Further details about the TPQ are supplied in 
Chapter Four: Study 2 of this thesis.
Table 2.3 The TPQ Scales and Subscales
Scales and Subscales Number of Items in Scale
N Sl Exploratory Excitability vs Stoic Rigidity 9
NS2 Impulsiveness vs Reflection 8
NS3 Extravagance vs Reserve 7
NS4 Disorderliness ve Regimentation 10
NS Novelty Seeking 34
HAl Anticipatory Worry vs Uninhabited Optimism 10
HA2 Fear of Uncertainty vs Confidence 7
HA3 Shyness with Strangers vs Gregariousness 7
HA4 Fatigability & Asthenia vs Vigor 10
HA Harm Avoidance 34
RDI Sentimentality vs Insensitivity 5
RD2 Persistence vs Irresoluteness 9
RD3 Attachment vs Detachment 11
RD4 Dependence vs Independence 5
RD Reward Dependence 30
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2.6 Temperament and Character Inventory
In 1994, Cioninger and his colleagues published a second personality rating scale called 
the Temperament and Character Inventory (TCI; Cioninger, Pryzybeck; Svrakic, Wetzel, 
1994) (Appendix HI). Whilst the TPQ, the precursor of the TCI, was originally developed 
to measure the three temperament dimensions as detailed above, the TCI was designed 
to evaluate the seven higher order personality traits of novelty seeking, harm avoidance, 
reward dependence, persistence, self-directedness, cooperativeness and self-trancendence. 
Initially, in his model of personality, Cioninger has purported that there were only three 
temperament dimensions - novelty seeking, harm avoidance and reward dependence. 
However, subsequent empirical evidence revealed that persistence needed to be separated 
from its original domain of reward dependence, and seen as a fourth independent 
temperament dimension. In addition to the four temperament dimensions, Cioninger and 
his colleagues also suggested that personality consisted of three character dimensions - 
self-directedness, cooperativeness and self-trancendence (Cioninger, Pryzybeck; Svrakic, 
Wetzel, 1994). Further details of the theoretical background to the TCI are provided in 
Chapter 5; Study 3 of this thesis.
Each of the seven traits is multifacted, consisting of several lower order components 
(Table 2.4). The full TCI consists of 226 true/false items. A shorter version containing 
only 125 items has also been constructed but was not used in any of the present studies. 
The reading level and content of the TCI is appropriate for most individuals aged 15 years 
and over. The TCI is scored using the appropriate scoring key (Appendix III).
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Table 2.4 TCI Scales and Subscales
Scales and Subscales Number of Items in Scale
NSl Exploratory Excitability vs Stoic Rigidity 
NS2 Impulsiveness vs Reflection 
NS3 Extravagance vs Reserve 
NS4 Disorderliness ve Regimentation 
NS Novelty Seeking
11
10
9
10 
40
HAl Anticipatory Worry vs Uninhabited Optimism 11
HA2 Fear of Uncertainty vs Confidence 7
HA3 Shyness with Strangers vs Gregariousness 8
HA4 Fatigability & Asthenia vs Vigor 9
HA Harm Avoidance 35
RDI Sentimentality vs Insensitivity 10
RD3 Attachment vs Detachment 8
RD4 Dependence vs Independence 6
RD Reward Dependence 24
P Persistence 8
SDl Responsibility vs Blaming 8
SD2 Purposefulness vs Lack of Goal Direction 8
SD3 Resourcefulness 5
SD4 Self-Acceptance vs Self-Striving 11
SD5 Congruent Second Nature 12
SD Self-Directedness 44
C1 Social Acceptance vs Social Intolerance 8
C2 Empathy vs Social Dininterest 7
C3 Helpfulness vs Unhelpfulness 8
C4 Compassion vs Revengefulness 10
C5 Integrated Conscience 9
C Cooperativeness 42
ST I Self-Forgetfulness vs Self-Conscious Experience 
ST2 Transpersonal Identification vs Self-Isolation 
ST3 Spiritual Acceptance vs Rational Materialism 
ST Self-Trancendence
11
9
13
33
2.7 Eysenck’s Personality Questionnaire - Revised (EPQ-R)
The Eysenck Personality Questionnaire - Revised provides an easy and convenient 
measure of Eysenck’s three proposed dimsensions of personality: extraversion- 
introversion (E), neuroticism or ‘emotionality’ (N), and psychoticism or ‘tough­
mindedness’ (P) (Appendix IV). Subjects are simply asked to use ‘yes ‘ or ‘no responses 
to answer a series of questions. The full 106-item Adult EPQ-R questionnaire additionally 
incorporates a lie (L) scale, and provides supplementary measures of predisposition to
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addiction (A) and criminality (C).The number of items on each of the scales is listed below 
in Table 2.5. The criminality and addiction scales were contructed on an empirical basis, 
combining items from the E, P, N and L scales which correlated well with these types of 
conduct. According to Eysenck and Eysenck (1991), all of the scales show good 
reliability, with Chronbach a  coeflScients ranging from 0.75 to 0.90. Since its formulation, 
the EPQ-R has been tested extensively within the UK and elsewhere, details of which are 
provided in the ‘Manual of Eysenck Personality Scales’ (Eysenck and Eysenck, 1991).
This manual also contains normative data for a British population. For use in Study 4 
(Chapter Six) of this thesis, copies of the EPQ-R were purchased from Hodder and 
Stoughton, London, UK.
Table 2.5 The EPO-R Rating Scales
Scale No. of Items
Extraversion-Introversion (E) 23
Neuroticism (N) 24
Psycoticism (P) 32
Lie(L) 21
Addiction (A) 16
Criminality (C) 34
2.8 Statistical Analysis
In each of the four studies undertaken for this thesis, statistical analyses were performed 
using SPSS Release 6.0 for Windows. Specific details about the statitical tests used in 
each study are given within the appropriate sections.
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CHAPTER THREE
STUDY 1: The Urinary Excretion of Tryptophan Metabolites in
Abstinent Alcoholics
3.1 Introduction
In the literature review of Chapter One, it was noted that during the past few decades a 
large body of evidence has emerged which suggests that the neurotransmitter serotonin 
may be involved in the aetiology of alcoholism The serotonergic hypothesis of alcoholism 
in fact purports that certain individuals might have a genetically transmitted biochemical 
abnormality, which when expressed, results in a deficit in 5-HT (LeMarquand, Pihl, 
Benkelfat, 1994a). This deficit is then thought to be partially responsible for increasing 
alcohol seeking behaviour, and susceptibility to anxiety and mood disorders as well as 
aggressive or impulsive behaviours.
The status of serotonergic functioning in alcoholic subjects has been the focus of 
numerous studies. In fact, in their review of the literature, LeMarquand, Phil and 
Benkelfat (1994a) listed sixty-two different investigations which have focused on the 
serotonergic fimctioning of alcohol-dependent individuals. These studies have employed 
a variety of methodologies, including postmortem investigations of brain 5-HT levels; 
platelet or whole blood 5-HT concentrations; cerebrospinal fluid and urinary indices of 
5-HT fimctioning; plasma tryptophan concentrations; and challenges with 5-HT uptake 
inhibitors, agonists, antagonists and acute alcohol.
Using measurements of the concentration of 5-HIAA, the major metabolite of serotonin, 
in cerebrospinal fluid as an index of brain serotonin turnover, Ballenger, Goodwin, Major 
and Brown (1979) studied alcoholic men entering a treatment programme for 
detoxification and rehabilitation. They measured CSF 5-HIAA in the immediate post­
intoxication period (one to two days after their last drink) and again after four weeks of 
abstinence. Although they found no significant differences between the CSF 5-HIAA
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levels of the alcoholics in the post-intoxification phase and the controls, they found that 
after four weeks abstinence the alcoholics had significantly lower concentrations of CSF 
5-HIAA. Similarly, Banld (1981) demonstrated that although alcoholic patients with short 
term abstinence (four days or less) had reduced CSF 5-HIAA levels compared with 
controls, the reduced levels only became statistically significant after four to eight days 
abstinence.
Abstinent alcoholics have also been shown to have reduced concentrations of platelet 5- 
HT (Banki, 1978; Kent, Campbell, Pazdemik, Hunter, Gunn, Goodwin, 1985), lower 
plasma tryptophan concentrations, and lower ratios of circulating tryptophan to the sum 
total of five other circulating amino acids known to compete with it for the same cerebral 
uptake mechanism (Femstrom and Wurtman, 1971; Branchey, Branchey, Shaw and 
Lieber, 1984). Furthermore, it has been demonstrated that depressed patients with 
alcoholism in a first degree relative have significantly lower levels of CSF 5-HIAA than 
patients without a family history of alcoholism (Rosenthal, Davenport, Cowdry, Webster, 
Goodwin, 1980).
The few studies which have been undertaken involving urinary excretions of serotonin 
metabolites have produced more conflicting results. For example, Olson, Gursey, Vester 
(1960) and Thompson and McMillen (1987) both reported that alcoholics excreted less 
5-HIAA than non-alcoholics whereas Murphy, Guze, King (1962) reported no difference 
between the urinary concentrations of 5-HIAA of alcoholics and controls.
Concern has been expressed about the reliability of urinary 5-HIAA concentrations as an 
index of brain serotonin, because it is difficult to determine precisely how much urinary 
5-HIAA originates from the CNS and how much is of peripheral origin. For example, in 
the rat, it has been shown that only about 8% of urinary 5-HIAA originates in the CNS 
(Aizentein and Korg 1979). Furthermore, as Bender (1983) has pointed out, whilst it must 
be assumed that behavioural changes and psychiatric illnesses involve discrete and specific 
regions of the brain, changes in neurotransmitters, their precursors and metabolites as 
measured in body fluids can only be a reflection of the sum of whole brain metabolism.
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In an attempt to try and overcome some of the methodological problems associated with 
the use of urinary excretions of serotonin metabolites as indices of serotonin turnover, 
Thompson and McMillen (1987) developed a simple non-invasive test using ratios of 
concentrations of 5-HIAA to metabolites from two of the other tryptophan degradative 
pathways. Details of this test have already been decribed in Section 1.2.4. Using these 
ratios, Thompson and McMillen showed that chronic abstinent alcoholics exhibited 
decreased 5-HIAA : lAA and 5-HIAA : AA ratios compared with controls and concluded 
that their findings provided further evidence that alcoholism is associated with a serotonin 
deficiency. However, because the investigation was carried out on only a limited number 
of subjects, 16 male alcoholics and 12 controls, Thompson and McMillen invited other 
researchers to test the feasibility of using the metabolite ratios as a screening test for 
alcoholism.
The notion of using decreased serotonin metabolite ratios as markers for alcoholism was 
a new development in biochemical research at the time when the original proposal for this 
present thesis was being developed. Consequently, the work of Thompson and McMillen 
strongly influenced the direction that the first part of this thesis was to take. Indeed, the 
main objective of this present study was to test the validity of the 5-HIAA : lAA and 5- 
HIAA ; AA ratios as means of differentiating alcoholics from controls. A second objective 
was to examine whether the serotonin metabolite ratios of the alcoholics were decreased 
even after four weeks of abstinence. Thirdly, the study was designed to test whether 
measurements of other tryptophan metabolites could enhance the reliabilities of the ratios. 
Concentrations of urinary serotonin (5-HT) 5-hydroxyindoleacetic acid (5-HIAA), 
indoleacetic acid (LAA), kynurenine (Kyn), and anthranillic acid (AA) were therefore 
repeatedly studied in abstinent alcoholics, on both the second or third day after their last 
drink, and again after 4 weeks abstinence. The data was compared with that from matched 
controls. It was expected that the alcoholics would show evidence of diminished 
serotonergic fimctioning, even after 4 weeks abstinence, by having reduced 5-HIAA : LAA 
and 5-HIAA : AA ratios as well as reduced 5-HIAA : Kyn, (5-HT+5-HLAA) : (Kyn+AA) 
and (5-HT + 5-HIAA) : lAA ratios.
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3.2 Methods and Materials
3.2.1 Subjects
11 male alcoholic patients and 17 male control subjects participated in this investigation. 
The control subjects were all non-drinkers and had been abstinent from alcohol for at least 
8 years. None of them had ever experienced any alcohol-related problems. Attempts were 
made to match the control subjects with the alcoholics on the basis of age. The ages of the 
alcoholics ranged from 33 to 55 years with a mean age of 42.2 years, and the ages of the 
controls ranged from 20 to 52 years with a mean age of 31.6 years. The alcoholics were 
either patients of Springfield Hospital, in South London, or residents at Greig House (a 
Salvation Army Alcoholic Assessment Centre). They were all clinically diagnosed, by 
doctors at both of the centres, as suffering from alcohol dependence. Individuals who 
reported that they were suffering from severe hepatic disorders, nutritional deficiencies 
or any psychiatric disorders apart from alcoholism, were excluded from the study.
3.2.2 Sample Collection and Analysis
Pre-breakfast urine samples were collected from the alcoholic patients on two separate 
occasions: on the second or third day after their last drink (the detoxification stage. Stage 
1) and after four weeks abstinence (Stage 2). Subjects were advised to collect all the urine 
flow in a plastic jug provided. They were then asked to pour 5ml of the urine into a plastic 
capped tube, which already contained 5ml of preservative (5% sodium metabisulphate in 
IM hydrochloric acid). The rest of the urine was discarded. The sample tubes were 
labelled with the subjects name, date and time of collection and immediately stored at 
-75°c until required for analysis.
On the days when the urine samples were collected, all subjects abstained from food from 
midnight to morning in an attempt to avoid any confounding effects of diet on tryptophan 
metabolism. After defrosting, 1ml of each sample was pipetted into an eppendorf and 
centrifuged for 5 minutes at 12,000 rpm to remove any particulate matter present. Each 
sample was then diluted by adding 200jjl of supernatant to 600pl of distilled water and
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the solutions were transferred to disposable plastic mini-Eppendorf tubes and loaded into 
the carousel of the HPLC auto-injector. The urinary samples were assayed by high 
performance liquid chromatography, details of which have been given in Chapter Two. 
As all the subjects had reported that they were healthy and were not suffering from any 
metabolic disorders, the rate of creatinine clearance from each subject was used to take 
into account the variations in urine dilutions from the different subjects. Each urine sample 
was therefore assayed for creatinine by the method of Lustgaraten & Wenk (1972) using 
the Guilford Impact 400E clinical chemistry analyser (further details about this procedure 
have also been supplied in Chapter Two). The metabolite concentrations were then 
divided by the concentrations of creatinine, expressed as mmol per litre, thereby correcting 
for variations in urinary dilutions.
Only seven alcoholics gave urine samples on both occasions. The other four gave samples 
only in Stage 2, as they had already been abstinent from alcohol for at least three days 
before being admitted into the hospital or the Alcoholic Assessment Centre. Pre-breakfast 
urine samples were collected from all 17 control subjects. The statistical calculations were 
computed using SPSS Release 6.0 for Windows.
3.3 Results
The mean 5-HT, 5-HIAA, lAA, AA, and Kyn concentrations (pmol/pmol creatinine) 
excreted by the alcoholics and controls are shown in Table 3.1. The table also shows the 
statistical difference between the levels of metabolites excreted by the alcoholics at both 
stages of abstinence compared with the controls. The differences were measured using the 
independent t-test.
The t-test is a parametric test designed to measure the difference between the means of 
two related or independent samples. It is specially adapted for small samples (where one 
or both are smaller than thirty). The test assumes that the measurements are on an interval 
scale. It also assumes that the two sets of scores come from normal populations with 
equal variance. Studies have, however, shown that the results of the t-test are not
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seriously distorted even when quite marked departures from the basic assumptions are 
introduced (Radford and Govier, 1980). In this respect the t-test is said to be highly 
robust.
Because the samples sizes within this present study were small and because the 
measurements were on an interval scale, it was decided to use the independent and related 
t-tests to compare the mean excretory metabolite levels of the alcoholic and control 
groups. The Levene test for equality of variance was computed to check that the variances 
were not significantly different. The F values confirmed that there was homogeneity of 
variance between the urinary data from the alcoholics in the first few days of 
detoxification (i.e. Stage 1) and the control group. The values also showed that the 
variances between the metabolite concentrations of the alcoholics at both stages of 
abstinence were not significantly different. However, some slight differences in variance 
were found when the metabolite concentrations of the 11 alcoholics in Stage 2 were 
compared with the control group. Nevertheless, given the robustness of the t-test it was 
decided to use this test for all the analyses, rather than continually change from parametric 
to non-parametric tests.
Table 3.1: Mean Urinary Concentrations of Tryptophan Metabolites f|Jmol/|Jmol Creatinine  ^from
Alcoholics at Both Stages of Abstinence Compared With Controls.
5-HT 5-HIAA lAA AA Kyn Total Metabolites 
(5-HT + 5-HIAA + 
lAA + AA + Kyn)
Alodiolics 0.0050 0.0098 0.0200 0.0016 0.3769 0.4132
Stage 1 (0.007) (0.009) (0.019) (0.001) (0.526) (0.518)
(N=7) t  = -0.36 t = 0.00 t = -0.93 t = -0.89 t = -0.15 t = -0.02
p = 0.72 p = 0.99 p = 0.36 p = 0.38 p = 0.88 p = 0.85
Alcoholics 0.998 0.0699 0.175 0.045 1.442 1.832
Stage 2 (0.226) (0.198) (0.486) (0.100) (2.509) (3.448)
(N=I1) t = 1.73 t= 1 .2 6 t= 1 .1 8 t=1.59 t=1 .31 t= 1 .4 0
p = 0.10 p = 0.22 p = 0.25 p = 0.12 p = 0.20 p = 0.17
Controls 0.0059 0.0097 0.0367 0.0064 0.465 0.523
(N=17) (0.005) (0.014) (0.045) (0.014) (1.444) (1.440)
All data are mean (standard deviations in parenthesis) of the alcoholics and controls. Differences between the 
means of the controls and the alcoholics at both stages were assessed by t-tests for independent samples. 
*p<0.05, **p<0.01, two tailed test.
As can be seen from the results, at the 5% significance level, no statistically significant 
differences were found between the mean metabolite levels (pmol/pmol creatinine)
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excreted by the alcoholics and the controls at either of the two stages. However, it was 
noted that after four weeks of abstinence the mean urinary metabolite concentrations of 
the alcoholics all tended to be higher compared with those of the control subjects. Using 
the t-test for independent samples it was also found that there were no statistically 
significant differences between the mean urinary metabolite concentrations of the seven 
alcoholics who participated in the study during the detoxification stage (Stage 1) and the 
eleven who participated after 4 weeks abstinence (Table 3.2). It was however noted that 
there was a general tendency for the mean metabolite concentrations of the Stage 1 
alcoholics to be lower than the metabolite concentrations of Stage 2 alcoholics. 
Nevertheless, using the paired t-test, no significant differences were found between the 
mean metabolite concentrations excreted by the seven alcoholics who were repeatedly 
tested at both stages of abstinence (Table 3.3).
Table 3.2: Mean Urinaiv Concentrations of Tryptophan Metabolites (}Jmol/(Jmol creatinine  ^from the
Seyen Alcoholics at Stage 1 and tiie Eleyen Alcoholics at Stage 2.
5-HT 5-HIAA lAA AA Kyn T(Aal Metabolites 
(5-HT + 5-HIAA+ 
lAA + AA + Kyn)
Alodioiics 0.0050 0.0098 0.0200 0.0016 0.3769 0.4132
Stage 1 (0.007) (0.009) (0.019) (0.001) (0.526) (0.518)
(N=7) t  =  -1.10 t = -0.80 t = -0.84 t  = -1.14 t = -1.10 t = -1.07
p = 0.29 p = 0.44 p = 0.42 p = 0.27 p = 0.29 p = 0.30
Alcdholics 0.998 0.0699 0.175 0.045 1.442 1.832
Stage 2 
(N = ll)
(0.226) (0.198) (0.486) (0.100) (2.509) (3.448)
*p<0.05, **p<0.01, two tailed tests.
Table 3.3: Mean Urinary Concentrations of Tryptophan Metabolites (}Jmol/[Jmol Creatinine) of the
Seyen Alcoholics Studied At 1 or 2 Days After Their Last Drink and After 4 Weeks 
Abstinence.
5-HT 5-HIAA lAA AA Kyn Total Metabolites 
(5-HT + 5-HIAA + 
lAA + AA + Kyn)
Alcdiolics 0.0050 0.0098 0.0200 0.0016 0.377 0.4132
Stage 1 (0.007) (0.009) (0.019) (0.001) (0.526) (0.518)
(N=7) t = -1.07 t = -1.05 t = -0.95 t = -1.03 t = -1.16 t = -1.12
p = 0.327 p = 0.334 p = 0.380 p = 0.341 p- = 0.289 p = 0.305
Alcoholics .1132 0.1062 0.2393 0.449 1.7315 2.2351
Stage 2 
_(N=2)---------
(.273) (0.247) (0.615) (0.112) (3.055) (4.270)
All data are mean (standard deviations in parenthesis) of the alcohoUcs. Differences between means were 
assessed by t-tests for related samples. *p<0.05, **p<0.01, two tailed tests.
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When the data was expressed in ratio form (Table 3.4), a statistically significant difference 
was found between the mean 5-HIAA : AA ratios of the alcoholics in Stage 1 and the 
controls (t=3.08, p = 0.008). The results also showed that the mean (5HT+5-HIAA) : 
lAA ratio of the alcoholics after 4 weeks abstinence was significantly higher compared 
with that of the controls (t = 3.40, p = 0.02). None of the other ratios were statistically 
different.
Table 3.4 Mean Ratios of Tryptophan Metabolites of Alcoholics at Both Stages of Abstinence
5-HIAA:IAA 5-HIAA: AA 5-HIAA:Kyn (5-HT+5-HIAA):
(Kyn+AA)
(5-HT+5-HIAA) : 
lAA
Alcdiolics 1.0209 6.1752 0.0367 2.7154 1.1992
Stage 1 (1.141) (2.754) (0.042) (4.574) (1.065)
(N=7) t = 2.19 t = 3.08 1 = 0.94 1 = 0.23 1=1.39
p = 0.04 p = 0.008* p = 0.371 p = 0.822 p = 0.179
N = 6 N = 5 N = 6 N = 7 N = 6
Alcdiolics 1.3059 20.244 0.0299 10.9373 3.1642
Stage 2 (2.564) (40.409) (0.041) (32.008) (2.895)
(N = ll) t= 1 .4 7 t= 1 .5 0 1 = 0.60 1= 1.01 1 = 3.40
p = 0.153 p=1.53 p = 0.560 p = 0.324 p = 0.002**
N = 1 0 N = 6 N = 7 N =  10 N = 1 0
Controls 0.3951 2.3925 0.0190 2.3075 0.7473
(N=17) (0.264) (2.057) (0.018) (3.486) (0.510)
N = 1 7 N = l l N = 6 N =  14 N = 1 7
All data are mean (standard deviations in parenthesis) of the alcoholics and controls. Differences between the 
means of the controls and the alcoholics in both stages were assessed by t-tests for independent samples. 
*p<0.05, **p<0.01, two tailed test.
Not all of the metabolites were detected in every sample, and consequently it was not 
possible to calculate ratios for every subject. For example, in Stage 1, one alcoholic did 
not excrete any 5-HT, 5-HIAA, lAA or AA, another did not excrete any AA, and two 
others did not excrete any Kyn. Furthermore, AA was not detected in five of the urine 
samples from the alcoholic group after 4 weeks abstinence, and Kyn was not detected in 
another four samples. Within the control group, AA was not found in 5 of the 17 samples 
and only 6 were found to contain Kyn.
Comparisons of the ratios of the seven alcoholics who participated in both stages of this 
study also showed that there were no significant differences between the 5-HIAA : LAA, 
5-HIAA : AA, 5-HIAA : Kyn, (5-HT+5-HIAA) : (Kyn+AA), and (5-HT+5-HIAA) : lAA 
ratios at detoxification and after 4 weeks abstinence (Table 3.5).
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Table 3.5 Comparison of tiie Tryptophan Metabolite Ratios of the Alcoholics at Stages 1 and 2 of
Abstinence.
5-HIAA:IAA 5-HIAA: AA 5-HIAA:Kyn (5-HT+5-HIAA):
(Kyn+AA)
(5-HT+5-HIAA) : 
lAA
Alcctolics 1.0209 6.1752 0.0367 2.7154 1.1992
Stage 1 (1.141) (2.754) (0.042) (4.574) (1.065)
(N=7) t = -1.02 t = -0.93 t = 0-0.28 t = -0.86 t = -1.89
p = 0.356 p = 0.406 p = 0.800 p = 0.421 p = 0.117
N = 6 N = 5 N = 4 N = 7 N = 6
Alcdiolics 2.0916 24.2848 0.0440 15.564 1.1992
Stage 2 
(N=7)
(3.157) (43.802) (0.051) (38.125) (1.065)
All data aie mean (standard deviations in paientiiesis) of the alcoholics at Stages 1 and 2. Differences between 
the means of the alcoholics at the two stages of abstinence were assessed by t-tests for related samples. 
*p<0.05, **p<0.01, two tailed test.
A detailed examination of the 5-HIAA : lAA and 5-HLAA : AA ratios of the present data 
revealed that at Stage 1 only four of the seven alcoholics (57%) had 5-HIAA : LAA ratios 
below 0.70 and only three (43%) had 5-HIAA : AA ratios below 6.10. At Stage 2, five 
of the eleven alcoholics (45%) had 5-HIAA : LAA ratios below 0.70 and four (36%) had 
5-HLAA : AA ratios below 6.10. It was also found that only two of the seventeen control 
subjects (12%) had 5-HLAA : LAA ratios above 0.70 and only one (9%) had a 5-HLAA 
: AA ratio above 6.10.
3.4 Discussion and Conclusion
The findings of this study failed to support the hypothesis that alcoholics would evidence 
diminished serotonergic functioning. No significant reductions in the ratios of 5-HLAA : 
lAA, 5-HIAA : AA, 5-HIAA : Kyn, (5-HT+5-HIAA) : (Kyn+AA) and (5-HT + 5-HIAA) 
: lAA were observed in either the immediate detoxification stage or after four weeks of 
abstinence. In fact, contrary to expectation, the mean 5-HIAA : AA ratio of the alcoholics 
in the immediate detoxification stage was found to be significantly higher than that of the 
control group. Compared with the control group, the mean (5HT+5-HIAA) : lAA ratio 
of the alcoholics was also found to be significantly higher after 4 weeks of abstinence.
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Although the findings of this study did not give any firm support for the hypothesis, it was 
interesting to note that the urinary metabolite concentrations of the alcoholics in the 
immediate detoxification stage tended to be lower (albeit non-significantly) than the 
metabolite levels after four weeks of abstinence. This raised the question as to whether 
the monoamine oxidase enzyme and/or tryptophan pyrrolase enzyme of the alcoholics 
could have been effected by their chronic alcohol ingestion. No firm conclusions could, 
however, be made because of the lack of significant differences, and therefore a much 
larger controlled study is needed to examine any possible changes in serotonin metabolism 
that might occur during the withdrawal fi"om alcohol.
Since the results failed to confirm the hypothesis and contrasted greatly with the reported 
findings of Thompson and McMillen (1987) some possible explanations for the differences 
in the two sets of results need to be considered. One of the main points of contrast 
between the two studies seemed to be the large amount of variability that was observed 
in the excreted metabolite concentrations within the present study amongst both the 
alcoholic and control groups. These large variations were found even when the samples 
were corrected for creatinine clearance. In fact, in some samples which were analysed 
within the present study no traces of 5-HIAA, LAA or AA were detected. When these 
findings were contrasted with the results obtained by Thompson and McMillen in which 
all of the urine samples from the 16 alcoholics and 12 controls were found to contain 5- 
HIAA, lAA and AA, the variations in the present data became even more obvious. 
Furthermore, Thompson and McMillen (1987) demonstrated that 94% of their alcoholic 
group had a 5-HIAA ; LAA ratio below 0.70, whereas 71% of their control group had a 
5-HIAA : lAA ratios above this figure. They also found that 93% of the alcoholic group 
had a 5-HIAA : AA ratio below 6.10 compared with 64% of the control subjects who had 
a ratio greater than 6.10. Although the same methods and procedures were used in this 
present study only four of the seven Stage 1 alcoholics (57%) had 5-HIAA : lAA ratios 
below 0.70 and only three (43%) had 5-HLAA : AA ratios below 6.10. At Stage 2, five 
of the eleven alcoholics (45%) had 5-HLAA : LAA ratios below 0.70 and four (36%) had 
5-HLAA : AA ratios below 6.10. So why did these differences occur?
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As the same sample collecting procedures and analytical techniques were used in both 
studies, the reliability of the HPLC equipment used in the present investigation was firstly 
thrown into question. However, as a control measure against which the accuracy of the 
HPLC analysis could be tested, a standard sample had been run after every fifth test 
sample, and an examination of the analytical results showed that the metabolite 
concentrations of the standards varied only marginally. It was therefore concluded that the 
HPLC was working efficiently.
The question was also raised as to whether the variance in results could have been due to 
some sort of problem with the analytical methods used. Had the fi*eezing procedure and 
storage, for example, affected the metabolite concentrations in any way? How accurately 
had the researcher prepared the samples for assay? Prior to the present study, several 
exploratory studies had been carried out by the researcher to examine the affects of 
storing the urine samples at -75°C. Metabolite concentrations of fi’esh urine samples were 
compared with those of stored samples, but no significant differences had been found in 
the assay results. The preparation and pipetting skills of the researcher had also been 
checked prior to the present study. Fresh urine samples had been divided into multiple 
aliquots and each had been assayed separately. The results again showed there were no 
marked differences between the respective metabolite concentrations fi-om the various 
assays. Such assessments of accuracy seemed to suggest that the discrepancies in the 
results of the present study were unlikely to have been caused by experimental error.
It was also considered possible that the differences in results may have reflected different 
degrees of liver damage within the alcoholic groups. Neither of the studies used 
standardised liver function tests, and so the actual extent of any liver damage was not 
known. If the alcoholics who participated in Thompson and McMillans study had poorer 
liver functioning than those who took part in the present study, it could be expected that 
they would excrete less serotonin and tryptophan metabolites.
Thirdly, it was thought that the contrasting results may have been related to the 
heterogeneity of the alcoholic groups. As mentioned earlier in Chapter One, considerable
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evidence has emerged which suggests that alcoholism is not a unitary disorder, but is 
composed of various subtypes with differing levels of severity, drinking behaviours, 
associated personality characteristics and patterns of inheritance. Whilst the subjects in the 
present study fulfilled the diagnostic criteria for alcoholism, no standardised inventory 
such as the MAST (Michigan Alcoholism Screening Test; Selzer, 1971; Selzer, Vinokur, 
van Rooijen, 1975) or the Severity of Alcohol Dependence Questionnaire (SADQ; 
Stockwell, Hodgson, Edwards, Taylor, Rankin, 1979) was used. It was therefore 
impossible to determine how well matched the alcoholic groups were in terms of their 
drinking behaviours or severity of dependency, and it was felt that any differences between 
the groups may have played a part in contributing to the conflicting results.
In conclusion, both the non-significant results of the study and the significant differences 
that were observed between the 5-HIAA : AA and (5-HT+5-HLAA) : LAA metabolite 
ratios of the alcoholics and controls, suggest that urinary serotonin metabolite levels may 
not be universally decreased among alcoholics. In fact, when the study was almost 
completed, evidence emerged that suggested that a serotonin deficit was more strongly 
with Cioninger’s proposed Type 2 alcoholism than with his Type 1 subgroup (Buydens- 
Branchey, Branchey, Noumair, Lieber, 1989). Such evidence underlined the importance 
of distinguishing between homogenous subgroups of alcoholics when searching for 
possible biochemical markers. However, within the present study no data relating to the 
subjects drinking histories, nutritional status, or personality traits had been collated, and 
it was therefore impossible to try and retrospectively classify the alcoholics into different 
subgroups. It was, however, recommended that some form of subtyping is used in all 
future biochemical studies of alcoholism. Cioninger’s proposed typology as detailed in 
Chapter One (Cioninger, 1987b) appears to be attracting increasing attention, and it is 
therefore crucial that further studies are undertaken to test the validity and reliability of 
his scheme, particularly in relation to British populations.
The results of this present study also raised doubts about the validity of using single 
urinary metabolite measurements or urinary metabolite ratios for differentiating between 
alcoholics fi’om controls. Furthermore, the study showed that increasing the number of
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tryptophan/serotonin metabolites within these ratios did not significantly increase their 
ability to distinguish between alcoholics and controls. Concern is therefore expressed 
about the use of such metabolite ratios as possible screening tools.
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CHAPTER FOUR
STUDY 2: Cloninger’s Tridimensional Personality Questionnaire:
Reliability in an British Sample
4.1 Introduction
For more than fifty years, researchers have attempted to identify and measure discrete 
quantifiable traits that comprise human personality and predispose individuals to behave 
in certain consistent ways. Although many different personality characteristics and "trait 
names" have been described (Allport and Odbert, 1936), the majority of psychometric 
studies have consistently indicated that there are between three and seven higher-order, 
relatively independent, heritable traits or dimensions (besides intelligence) which 
constitute personality (Norman, 1963; Eysenck, 1967,1991; Goldberg, 1981; Gray, 1982; 
Tellegan, 1985; Cioninger, 1986; McCrae and Costa, 1987; Eysenck and Eysenck, 1985; 
Digman, 1990).
Many of the early trait theorists emphasised the expressive aspects of personality and 
ignored, or made little reference to, its various determinants. However, over the years 
there has been an increasing interest in the development and underlying causal structures 
of personality and several attempts have been made to integrate theories of personality 
trait structure with theories of personality development (Eysenck, 1967; Gray, 1982; 
Cioninger, 1986).
Based on information gathered fi'om family studies, studies of longitudinal development, 
psychometric studies of personality structure, factor and cluster analyses, and 
neuropharmacological and neuroanatomical studies of behavioural conditioning and 
learning, Cioninger has developed a unified biosocial theory of personality, in which he 
initially hypothesised that individual differences varied along three higher-order, 
genetically independent, stable and heritable dimensions (Cioninger, 1986; Cioninger, 
1987a). These dimensions were defined as: novelty seeking, "a heritable tendency toward 
intense exhilaration or excitement in response to novel stimuli or cues fo r potential
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rewards or potential relief o f punishment, which leads to frequent exploratory activity 
in pursuit ofpotential rewards as well as active avoidance o f monotony and potential 
punishment"; harm avoidance, "a heritable tendency to respond intensely to signals o f 
aversive stimuli thereby learning to inhibit behaviour to avoid punishment, novelty and 
frustrative nonreward"; and reward dependence, "a heritable tendency to respond 
intensely to signals o f reward (particularly verbal signals o f social approval, sentiment 
and succour), and to maintain or resist extinction o f behaviour that has previously been 
associated with rewards or relief from punishment. " (Cioninger, 1987b, p. 574).
According to Cioninger’s tridimensional theory, the three dimensions are each composed 
of four lower-order dimensions (Table 4.1).
Table 4.1: Tridimensional Personality Dimensions According to Cioninger (1987c')
Scale Subscales
Novelty Seeking NS 1 : ejq)loratory excitability vs stoic rigidity 
NS2: impulsiveness vs reflection 
NS3: extravagance vs reserve 
NS4: disorderliness vs regimentation
Harm Avoidance HAl : anticipatory worry vs uninhibited optimism 
HA2: fear of uncertainty vs confidence 
HA3: shyness with strangers vs gregariousness 
HA4 : fatigabihty and asthenia vs vigour
Reward Dependence RDI: sentimentality vs insensitiveness 
RD2: persistence vs irresoluteness 
RD3 : attachment vs detachment 
RD4: dependence vs independence
Individuals with higher than average novelty seeking were described as being impulsive, 
exploratory, fickle, excitable, quick-tempered, extravagant, and disorderly. They readily 
engage in new interests and activities, but tend to neglect detail and are easily bored and 
quickly distracted. They are also easily provoked to prepare for fight or flight. In contrast, 
Cioninger has suggested that individuals who are lower than average in novelty seeking 
are reflective, rigid, loyal, stoic, slow-tempered, fioigal, orderly and persistent. They are 
typically slower to engage in new activities, often become preoccupied with narrowly 
focused details and require considerable thought before making decisions. Cioninger
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claimed that individuals who are higher than average in harm avoidance are cautious, 
tense, apprehensive, fearful, inhibited, shy, easily fatigable, and apprehensive worriers, 
whereas those that are lower than average in harm avoidance are usually confident, 
relaxed, optimistic, carefree, uninhibited, outgoing and energetic. Individuals with high 
reward dependence are eager to help others, emotionally dependent, warmly sympathetic, 
sentimental, sensitive to social cues and persistent, whereas those with low reward 
dependence he described as being socially detached, emotionally cool, practical, tough- 
minded and independently self-willed.
Although Cioninger has proposed that the three dimensions are genetically independent 
fi-om each other, he has also suggested that in response to novel, aversive and appetitive 
stimuli, the three dimensions interact with one another. Harm avoidance is said to 
moderate both novelty seeking and reward dependence: it is believed to be weakly but 
negatively correlated with novelty seeking, and weakly and positively correlated with 
reward dependence.
In addition to describing the behavioural charcteristics associated with these three 
dimensions, Cioninger has also postulated that individual differences in the three higher- 
order dimensions reflect variations in the monoaminergic brain systems of behavioural 
activation, behavioural inhibition and behavioural maintenance. Furthermore, he has 
suggested that extreme variations along these dimensions underlie various psychological 
and personality disorders including alcohol abuse (Cioninger, 1987a, Cioninger, 1987b).
As mentioned in Chapter One, Cioninger has developed the Tridimensional Personality 
Questionnaire (TPQ) to measure the three high-order personality dimensions of novelty 
seeking, harm avoidance and reward dependence (Cioninger, 1987c; Cioninger, Przybeck 
& Svrakic, 1991). Each scale was generated a priori to measure traits predicted by the 
postulated biosocial leaning model; then the structural model was tested empirically by 
factor analysis and comparison with other tests. Cioninger and his colleagues undertook 
a series of studies using 101 medical students to test the validity of the original 80-item 
version of the TPQ (Cioninger, 1987a). These studies involved comparing the TPQ with
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other psychometric tests including the Eysenck Personality Questionnaire and Tellegen's 
Multidimensional Personality Questionnaire (MPQ), measuring the internal consistency 
of the questionnaire, and determining the short-term test-retest reliability. Despite the 
relatively small sample size, the results of these studies indicated that the scales used to 
measure the three personality dimensions of novelty seeking, harm avoidance and reward 
dependence had reliabilities comparable with those of other commonly used tests, and that 
each scale had an acceptable degree of construct validity. They also showed that the 
intercorrelations between the three scales were negligible or weak. A weak positive 
correlation was found between the harm avoidance and reward dependence scales, and 
a weak negative correlation was found between the harm avoidance and novelty seeking 
scales. Furthermore, the results also indicated that Cloninger's model could account for 
the phenotypic traits described by Eysenck and Tellegen. For instance, danger seeking as 
measured by Tellegen's MPQ was found to be associated with low harm avoidance; 
feelings of well being (happy, optimistic) were associated with a combination of low harm 
avoidance and low novelty seeking; extraversion was found to be associated with high 
novelty seekmg and low harm avoidance; and neuroticism was found to be associated with 
high novelty seeking and high harm avoidance. However, following these initial studies, 
Cioninger slightly altered his original version of the TPQ - twenty additional items were 
included to increase the reliability of some of the scales, and the reading levels of some 
of the items were simplified (Cioninger, Przybeck & Svrakic, 1991).
To date, several investigations have been undertaken to try and replicate Cloninger's initial 
findings. Nixon and Parsons (1989) for example, have examined the construct validity of 
Cloninger's Tridimensional Personality Questionnaire (TPQ) in a sample of 225 male and 
female American college students. Their findings were generally consistent with 
Cloninger's theoretical approach and supported his concept of three essentially 
independent personality dimensions. Their results also showed that females were higher 
than males on measures of harm avoidance and a measure of reward dependence, thus 
providing additional construct validity for the harm avoidance and reward dependence 
subscales of the TPQ.
81
Nixon and Parson (1990) also administered the TPQ to 267 substance abusers, 172 of 
whom were alcoholic patients. The results of this later study however, raised questions 
about the independence of the three personality scales. They found that there were 
significant positive correlations between novelty seeking and reward dependence, and 
between novelty seeking and harm avoidance.
Additional criticisms concerning the reliability and factor structure of the TPQ have also 
been raised by Earlywine, Finn, Peterson & Pihl (1992). Earlywine and his colleagues 
administered the TPQ to a total of 298 American and Canadian students and performed 
a confirmatory factor analysis on the data. Their findings failed to replicate Cloninger's 
factor structure, and suggested that the discriminative validity of some subscales was 
questionable.
The m^ority of studies which have so far been undertaken to test the validity of the TPQ 
have been carried out within the United States. The TPQ has however been translated into 
several different languages including Japanese, Italian, Swedish, Russian, Yugoslavian, 
Czechoslovakian, Serbo-Croatian and German (Cioninger, Przybeck & Svrakic, 1991), 
and there are a few reports of studies which have been undertaken to test the 
psychometric properties of the different versions of the questionnaire (Kozeny, Kubicka 
& Prochazkova, 1989; Svrakic, Przybeck & Cioninger, 1991; Weyers, Krebs, Janke, 
1995). To date, however, no information concerning the utility of the TPQ in a general 
British population has been produced. This study was therefore undertaken to test 
Cloninger's tridimensional theory of personality and examine the reliability and validity of 
his TPQ in an adequately large, socially heterogeneous British sample.
4.2 Method
4.2.1 Design
This study was designed to test the reliability of Cloninger's Tridimensional Personality 
Questionnaire in a representative British sample of approximately 400 subjects. Adopting
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a similar procedure to Cioninger, Przybeck & Svrakic (1991), comparisons were made 
between the personality trait scores of the male and female subjects. Internal consistency, 
fector structure and item analysis were also investigated. In addition, comparisons were 
made between the personality trait scores obtained by the British sample and the U.S. 
normative data produced by Cioninger Przybeck & Svrakic (1991).
4.2.2 Subjects
A total of 413 subjects participated in this study -106 males and 307 females. The male 
and female subjects were similar in age. Male subjects ranged in age from 18 years to 72 
years, with a mean of 30.7 years (std. 11.5), and female subjects ranged in age from 18 
to 76 years with a mean of 30.82 years (std. 16.14). The subjects were selected on an 
opportunistic basis, using staff and students at Roehampton Institute London, their 
friends, colleagues and relatives. A substantial proportion of the sample group were 
contacted through a large chiropodist practice in South London. All of the subjects 
volunteered to participate in this study and none were paid for their participation. Over 
90% of the male and female subjects were white Caucasian.
4.2.3 Procedure and Materials
The subjects were each asked to complete a copy of Cloninger's Tridimensional 
Personality Questionnaire (version iv) as described in Section 2.5 of this thesis. No 
changes were made to the questionnaire. The subjects were asked to read each statement 
carefully and indicate whether they agreed or disagreed with what was written by using 
true and false responses. They were informed that the questionnaire would take 
approximately 15-20 minutes to complete. The subjects were also asked to state their age, 
date of birth, sex, and ethnic group on the front page of the questionnaire. The completed 
questionnaires were scored using Cloninger's scoring keys, and analysed using SPSS 
Release 6.0 for Windows
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4.3 Results
Scale and subscale means (and standard deviations) are given in Table 4.2. The scores 
from each scale and subscale were approximately normally distributed as indicated by the 
skewness and kurtosis values, which fell within the range of -0.982 and 0.577 for each 
scale. In comparison with Cloninger's normative data for white males and females, the 
mean scores of the British sample were significantly higher on the total Novelty Seeking 
(NS) scale and NS subscales (Table 4.2) and significantly lower on the total Reward 
Dependence (RD) scale and subscales RDI and RD2. The mean score of the RD3 
subscale was significantly lower for the British males in comparison with Cloninger's 
normative data, but on this particular subscale there were no significant differences 
between the means of the two female groups. There were also no significant differences 
between the mean Harm Avoidance (HA) scores and HA subscale scores of the British 
males and American males. However, in comparison with the U.S. normative data, the 
British females had significantly lower mean scores on the HA2 subscale and total Harm 
Avoidance scale, and higher mean scores on the HAl and HA4 subscales.
To test the internal consistency of the TPQ, Cronbach's alpha's were calculated for all 
scales and subscales (Table 4.3). The total Harm Avoidance scale and its subscales had 
acceptable a  coefficients, for both the male and female subjects, ranging from 0.71 to 
0.87, and the total Novelty Seeking scale and subscales NS2 and NS3 had moderately 
high a  coefficients, for both the males and females ranging from 0.65 to 0.82. However, 
the a  coefficients for the subscales NS4 and NSl for the male subjects fell below the 
recommended threshold of 0.60.
When all the data was analysed, the a  coefficient for the total Reward Dependence (RD) 
scale was moderately high (0.72). However, when the data obtained from the male and 
female subjects was analysed separately, all of the a  coefficients of the RD scales fell 
below the 0.6 threshold, with the exception of the RD3 subscale and the RD2 subscale for 
the female subjects.
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Table 4.2: Scale and Subscale Means (and Standard Deviations) for the British Sample and
Cloninger’s Normative Data for White Males and Females
British sample 
Males Females 
(N=106) (N=307)
t-test between 
British males 
& females
Cloninger's normative data 
Male Female 
(N= 326 ) (N=350)
t-test betweoi 
US & British 
males
t-test 
betweai US 
&British 
females
NOVELTY
SEEKING
NSl
NS2
NS3
NS4
TOTAL NS
5.15(1.90) 
3.08 (2.17) 
3.83 (2.0) 
4.95(2.21) 
17.02 (5.91)
5.24 (2.09) 
3.51 (2.09) 
4.07(1.88) 
5.37(2.17) 
18.20(6.14)
p = 0.70 
p = 0.07 
p = 0.27 
p = 0.09 
p = 0.09
4.2 (1.9) 
2.5 (1.8) 
3.1 (1.8) 
3.8 (2.0) 
13.7(5.2)
4.4 (2.0)
2.2 (1.7)
3.2 (1.7)
3.2 (1.8) 
13.0 (4.9)
p < 0.01 
p<0.01
p < a o i
p<0.01 
p < 0.01
p < 0.01 
p < 0.01 
p < 0.01 
p < 0.01 
p < 0.01
HARM
AVOIDANCE
HAl
HA2
HA3
HA4
TOTAL HA
2 .60 (2.22) 
3.19(2.04) 
2.70 (1.96) 
2.24(2.15) 
10.72(6.15)
4.16(2.65) 
4.10(2.09) 
3.14(2.10) 
3.61 (2.61) 
15.01 (6.99)
p < 0.01 
p<0.01 
p = 0.06 
p < 0.01 
p < 0.01
2.3 (2.0) 
3.7 (1.9) 
2.5 (2.0) 
2.1 (2.2) 
10.6(6.0)
2.6 (2.1) 
4.7 (1.7) 
3.0 (2.1) 
2.5 (2.4) 
12.9(6.1)
p = 0.15
p = 0.02
p =0.4  
p > 0 .5  
p > 0 .5
p < 0.01 
p < 0.01
p = 0.40
p < 0.01 
p < 0.01
REWARD
DEPENDENCE
RDI
RD2
RD3
RD4
TOTAL RD
3.06(1.37) 
4.79(2.00) 
5.51 (2.79) 
2.48(1.45) 
15.84 (4.73)
3.81(1.11) 
4.99(2.16) 
7.39 (2.58) 
3.00 (1.46) 
19.19(4.58)
p < 0.01
p = 0.40
p < 0.01 
p < 0.01 
p < 0.01
3.8 (1.2)
5.6 (2.0)
6.6 (2.4) 
26 (1 .3 )  
18.5 (4.3)
4.3 (0.9) 
5.6 (2.0) 
7.2 (2.2) 
3.0 (1.2) 
20.1 (3.8)
p < 0.01 
p < 0.01 
p < 0.01
p = 0.40
p < 0.01
p<0.01 
p < 0.01
p = 0.30 
p > 0.50
p < 0.01
Table 4.3: Cronbach's Alpha Coefficients.
All Subiects fN=4131 Male fN=1061 Female (N=30T)
NOVELTY SEEKING
NSl 0.589 0.510 0.613
NS2 0.661 0.698 0.646
NS3 0.708 0.744 0.696
NS4 0.584 0.578 0.587
TOTAL NS 0.820 0.676 0.731
HARM AVOIDANCE
HAl 0.761 0.705 0.755
HA2 0.739 0.706 0.739
HA3 0.756 0.722 0.764
HA4 0.772 0.726 0.767
TOTAL HA 0.874 0.715 0.716
REWARD DEPENDENCE
RDI 0.449 0.486 0.372
RD2 0.588 0.540 0.605
RD3 0.761 0.743 0.739
RD4 0.573 0.539 0.574
TOTAL RD 0.742 0.390 0.402
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Differences between the male and female scores were assessed through the t-test. No 
statistically significant differences were found between the total Novelty Seeking scores 
and NS subscale scores of the male and female subjects. However, compared with the 
male subjects, the female subjects had significantly higher total Harm Avoidance scores 
(p<0.01), HAl (p<0.01), HA2 (p<0.01) and HA4 (p<0.01) scores. They also had 
significantly higher RDI (p<0.01), RD3 (p<0.01), RD4 (p<0.01) and total Reward 
Dependent scores (p<0.01) (Table 6.2). These latter findings should be interpreted with 
caution given the poor reliability of some of the RD subscales.
Pearsons correlations showed that there were a large number of significant correlations 
between the scores on the various scales and subscales in both the male and female 
populations (Table 4.4). There was a significant negative correlation between the total 
Novelty Seeking scores and the total Harm Avoidance scores for both the female and male 
subjects (r= -0.31, p<0.01; r=-0.21, p=0.03). The total Reward Dependence scores of the 
female subjects were also found to be significantly correlated with their total Harm 
Avoidance scores (r=0.13, p=0.02).
Correlations were also calculated to test Cloninger's hypotheses that there are negative 
relationships between novelty seeking, reward dependence and age, and a positive 
relationship between harm avoidance and age. For both the male and female subjects 
significant negative correlations were found between the total Novelty Seeking scores and 
age (i=-0.39 p<0.001; r=-0.33 p<0.001 respectively). However, neither the total Reward 
Dependence nor Harm Avoidance scores were found to be significantly correlated with 
age.
Kaiser-Meyer-OUdn (KMO) measures were calculated for both the males and females to 
indicate whether the data was suitable for factor analysis. The calculated values were 0.69 
and 0.76 respectively. Since both fell within the acceptable range (Kaiser, 1974), 
exploratory fector analyses were performed using oblimin rotation to determine whether 
the three factors of Novelty Seeking, Harm Avoidance and Reward Dependence could be 
derived fi*om the twelve subscales. An exploratory factor analysis using the data fi’om all 
the subjects produced a three-factor solution (eigen values > than 1.0) and the twelve
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Table 4.4: Pearsons Correlation Matrix. Male Data Above Diagonal (N= 106), Female Data Below
NSl NS2 NS3 NS4 NS HAl HA2 HA3 HA4 HA RDI RD2 RD3 RD4 RD
NSl .13 .22 JO .55 -.11 -J l -.12 -.28 -J8 0.02 .18 J7 -.01 .24
P = 
0.18
P =
0.03
P<
0.01
P<
0.01
P = 
0.24
P<
0.01
P = 
0.21
P<
0.01
P<
0.01
P =  
0.82
P =
0.07
P<
0.01
P = 
0.90
P =
0.01
NS2 A 1 .47 .45 .74 -.08 -.07 -.02 .04 -.04 -.15 -J8 .06 .04 -.12
P <
0.01
P<
0.01
P<
0.01
P<
0.01
P = 
0.43
P = 
0.45
P = 
0.85
P = 
0.65
P = 
0.66
P = 
O il
P<
0.01
P =
0.55
P = 
0.72
P =
0.22
NS3 J7 J l .46 .75 -.08 -.17 -.04 -.08 -.12 -.08 -.08 .24 -.02 .08
P
0.01
P <
0.01
P<
0.01
P<
0.01
P = 
0.43
P =  
0.08
P = 
0.68
P = 
0.43
P = 
0.21
P “
0.44
P = 
0.44
P = 
0.02
P = 
0.81
P = 
0.43
NS4 .50 .42 .41 ,79 -.03 -J4 -.06 -.15 -.21 -JO -.15 .13 -.17 -.13
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P = 
0.80
P =
0.01
P =
0.57
P = 
0.12
P = 
0.10
P<
0.01
P =
0.12
P =
0.20
P = 
0.08
P = 
0.18
NS .77 .72 .68 .80 -.10 -J7 -.08 -.15 p -J l -.19 -.13 .23 -.06 .01
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P =
0.30
P<
0.01
P = 
0.41 0.11
P = 
0.03
P =
0.05
P = 
0.18
P =
0.02
P =
0.52
P = 
0.93
HAl -.23 -.07 .15 -.08 -.18 JO .50 J4 .80 -.06 -.10 -.06 J7 .02
P<
0.01
P = 
0.19
P <
0.01
P = 
0.14
P<
0.01
p<
0.01
P<
0.01
P<
0.01
P<
0.01
P = 
0.58
p =
0.30
P =
0.54
P<
0.01
P = 
0.86
HA2 -.48 .24 -.17 -J4 -.42 .45 J6 J9 .76 .12 -.04 .02 J4 .13
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P = 
0.24
P = 
0.69
-P “
0.87
P<
0.01
P = 
0.18
HA3 -.18 -.14 -.18 -J9 .41 .46 J2 .70 -.10 -JO -.09 JO -.08
p<
0.01
P<
0.01
P =
0.02
P<
0.01
P <
0.01
P<
0.01
P<
0.01
P =
0.02
P <
0.01
P = 
0.29
P®
0.05
P = 
0.35
P <
0.01
P = 
0.44
HA4 - a x .001 -.06 -.01 -.10 J9 JO J5 .67 .02 -.10 -.13 .18 -.06
p<
0.01
p  = 
0.98
P =  
0.27
p =
0.84
p = 
0.09
P<
0.01
P<
0.01
P<
0.01
P
0.01
P = 
0.80
p = 
0.31
P ”
0.19
P = 
0.06
P = 
0.57
HA -.42 .15 -.17 -.19 -J l .79 .72 .73 .72 -.01 -.15 -.10 .40 .01
P<
0.01
P<
0.01
P<
0.01
P <
0.01
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P<
0.01
P = 
0.95
P®
0.13
P =
0.36
P<
0.01
P = 
0.95
RDI .11 -.11 .04 -.06 -.08 .10 J l .05 .08 .15 .19 J3 .15 .55
P = 
0.07
P = 
0.06
P = 
0.51
P =
0.30
P = 
0.15
P “
0.07
P<
0.01
P = 
0.42
P = 
0.15
P =
0.01
P =
0.05
P = 
0.02
P = 
0.13
P<
0.01
RD2 .000 .18 -.13 -.18 -.16 .14 .10 -.04 -.06 .05 .16 .19 -.16 .54
P “
0.99
P<
0.01
P =
0.03
P<
0.01
P<
0.01
P = 
0.02
p = 
0.08
P = 
0.44
P = 
0.31
P = 
0.41
P<
0.01
P =
0.05
P = 
0.10
P<
0.01
RD3 .23 .16 .25 .20 .28 .04 .02 -.06 .02 .01 J6 .04 .24 J l
P<
0.01
P <
0.01
P<
0.01
P<
0.01
P<
0.01
P = 
0.43
P = 
0.75
P =
0.33
P = 
0.69
P = 
0.80
P<
0.01
p =
0.51
P =
0.01
P<
0.01
RD4 .09 .06 .16 .06 .12 JO 0.14 .18 .08 JO .18 .02 J9 .43
P = 
0.11
P = 
0.26
P<
0.01
P = 
0.28
P = 
0.03
P<
0.01
P =
0.02
P<
0.01
P = 
0.18
P <
0.01
P<
0.01
P = 
0.70
P<
0.01
P<
0.01
RD .13 .001 .14 .03 .10 .18 .15 .02 .03 .13 .52 .54 .77 .59
P =
0.02
P =
0.98
P =
0.02
P = 
0.56
P = 
0.08
P<
0.01
P<
0.01
P = 
0.78
P = 
0.60
P =
0.02
P<
0.01
P<
0.01
P<
0.01
P <
0.01
subscales loaded onto the three factors as predicted, with relatively high factor loadings 
(Table 4.5). The lowest factor loadings were on the Reward Dependence factor. While 
an exploratory factor analysis using just the female data also produced a three-factor 
solution (eigen values >1.0), a four-factor solution was produced from the male data 
(Table 4.5). An examination of the results obtained from the male subjects showed 
thatNSl ''Exploratory excitability V5 stoic rigidity" subscale was the only one which
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loaded strongly onto this fourth fector, although the RD2 "Persistence vs Irresoluteness" 
subscale loaded more highly onto this particular factor than on the other three. All of the 
other subscales, with the exceptions of RD4 and HA4, loaded strongly onto the first three 
factors as predicted. The RD4 "Dependence" subscale loaded more highly on the Harm 
Avoidance factor (0.57) than on the Reward Dependence factor, and the HA4 
"Fatigability and asthenia V5 vigour" subscale loaded only weakly on the Harm 
Avoidance factor. When the male data was constrained to a three factor solution, all of 
the subscales with the exception of the RD2 "Persistence" subscale and the NSl 
"Exploratory excitability V5 stoic rigidity" subscale loaded onto the factors as predicted. 
The RD2 subscale loaded more strongly on the Harm Avoidance factor than the Reward 
Dependence factor, and the NSl subscale loaded more strongly on the Reward 
Dependence factor than on the Novelty Seeking factor.
Table 4.5: Factor Loadings of TPO Subscales From the Exploratory Factor Analysis
(Direct Oblimin Rotation^
All Subjects (N=403) Males (N=106) Females ( N= 307)
Factor 1 Factor 2 Factors Factor 1 Factor 2 Factor 3 Factor 4 Factor 1 Factor 2 Factors
NSl -0.41 0J9 0.20 0.06 0.14 0.04 0.78 -0.40 0.14 0.62
NS2 0.04 0.73 -0.12 -0.10 0.86 0.04 -0.17 0.12 -0.08 0.72
NS3 -0.05 0.68 0.12 -0.07 0.75 0.14 0.16 -0.07 0.20 0.63
NS4 -0.06 0.77 -0.07 0.03 0.64 -0.29 0.35 -0.05 -0.01 0.77
HAl 0.73 -0.01 0.14 0.86 -0.08 -0.10 0.04 0.70 0.16 -0.04
HA2 0.69 -0.28 0.18 0.59 -0.11 0.24 -0.31 0.63 0.20 -0.34
HA3 0.74 -0.08 -0.11 0.79 -0.04 -0.22 0.03 0.75 0.04 -0.11
HA4 0.70 0.08 -0.04 0.29 0.08 0.13 -0.55 0.73 -0.07 -0.13
RDI 0.08 -0.13 0.69 -0.18 -0.16 0.77 -0.12 0.04 0.67 -0.16
RD2 -0.24 -0.37 0.54 -0.09 -0.48 0.22 0.48 -0.23 0.47 -0.42
RD3 0.06 0.37 0.69 0.09 0.21 0.64 0.44 0.02 0.69 0.35
RD4 0.37 0.25 0.49 0.57 0.11 0.44 -0.02 0.27 0.60 0.25
A fector correlation matrix (Table 4.6) showed a significant negative correlation between 
factors 1 and 4 in the male data, and a significant positive correlation between factors 1 
and 3 (Harm Avoidance and Reward Dependence) in the female data. None of the other 
correlations were significant at p<0.05.
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Table 4.6: Factor Correlation Matrix From the Exploratory Factor Analysis (* = pO.OS)
All Subjects (N=413) Males (N = 106) Females (M = 307)
Factor 1 Factor 2 Factors Factor 1 Factor 2 Factors Factor 4 Factor 1 Factor 2 Factor 3
Factor 1 1.000 1.000 1.000
Factor 2 -0.079 1.000 0.029 1.000 0.060 1.000
Factors 0.081 0.0230 1.000 0.077 -0.087 1.000 0.120* -0.009 1.00
Factor 4 -0.226* 0.115 0.0449 1.000
To test whether the data obtained from the British sample differed significantly from 
Cioninger’s proposed three factor model, a confirmatory factor analysis was also 
performed using Joreskog and Sjorbom's LISREL 7.16 program (1989). The four 
subscales of the three TPQ scales were used as indicators of the three latent factors - 
Novelty Seeking, Harm Avoidance and Reward Dependence. Each subscale was 
constrained to load onto a single factor, but the latent factors were allowed to correlate 
with each other.
Four criteria were used to evaluate the goodness of fit of Cloninger's model to the data: 
chi-square goodness-of-fit; the goodness-of-fit index (GFI), adjusted goodness-of-fit 
index (AGFI), and the root mean square (RMS). According to Cole (1987) well fitting 
models are usually associated vrith the following criteria: a non-significant chi square, 
GFI>0.9, AGFI>0.8, RMS<0.1.
The confirmatory factor analysis produced a rather large and significant chi square (x^= 
234.62, df = 51, p<0.001), suggesting that the model provided a poor fit for the data. 
However, the GFI, AGFI, and RMS all met the pre-established criteria levels satisfying 
the adequacy of fit (GFI = 0.91, AGFI = 0.86, and RMS = 0.08). The Total Coefficient 
of Determination, an indicator of how well the observed variables serve separately or 
jointly as measurements for the latent variables or factors, was also high (0.97).
The factor loadings for the twelve subscales ranged from 0.08 to 0.75 (Table 4.7), and 
with the exception of the RD2 subscale, all of the factor loadings were significant at 
p<0.05.
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Table 4.7; Factor Loadings and Squared Multiple Correlations From Confirmatory Factor Analyses
All Subjects (N = 413)
Factor 1 Factor 2 Factor 3 SMC
NSl 0.68 0.00 0.00 0.64
NS2 0.56 0.00 0.00 0.24
NS3 0.58 0.00 0.00 0.29
NS4 0.68 0.00 0.00 0.40
HAl 0.00 0.67 0.00 0.59
HA2 0.00 0.75 0.00 0.46
HA3 0.00 0.61 0.00 0.37
HA4 0.00 0.51 0.00 0.27
RDI 0.00 0.00 0.39 0.35
RD2 0.00 0.00 0.08 0.06
RD3 0.00 0.00 0.21 0.24
RD4 0.00 0.00 0.56 0.23
As predicted, the Harm Avoidance latent variable correlated negatively (r=-0.43, p<0.01) 
with Novelty Seeking, and positively (r=0.29, p<0.01) with Reward Dependence. 
However Novelty Seeking and Reward Dependence were also found to be significantly 
correlated (r=0.30, p<0.01).
Because the chi-square statistic seemed to contradict the other goodness-of-fit indices and 
suggested that Cloninger's proposed three-factor model was a poor fit for the data, 
detailed examinations of the fijU confirmatory factor analysis results were undertaken. The 
squared multiple correlations (SMC), i.e the amount of variance in the subscales which 
is accounted for by the three latent variables jointly, were low for some subscales, 
suggesting poor reliability (Table 4.7). It was also found that several of the subscales 
served as measures of more than one factor, and 23 of the standardised residuals were 
found to be greater than 2.58 in magnitude, suggesting that the three-factor model was 
not sufficient to account for all of the observed correlations (Joreskog and Sorbom, 
1989). Modification indices for Cloninger's proposed model were therefore calculated to 
identify how much the chi-square would decrease and how much better the data would 
fit the model if some of the subscales which had originally been constrained to one factor 
were allowed to vary. Even when the parameters with the two largest modification indices
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were freed to vary from zero, the chi-squared values still failed to reach non-significance. 
No clear pattern emerged to suggest how the model could be improved.
When confirmatory factor analyses were performed on the male (%2 = 112.53, 51 df, 
p<0.001; GFI=0.86; AGFI=0.78; RMS=0.51) and female data separately (%2 =159.61, 
51 d t p<0.001; GFI=0.92; AGFI=0.87; RMS = 0.36) it was also found that the 3 factor 
solution did not adequately fit the data.
4.4 Discussion
Although some of the results of this present study are consistent with Cloninger's own 
predictions and findings, other aspects of the analysis failed to support his theoretical 
concepts and raise some interesting questions about the utility of the TPQ in a general 
British population.
Firstly, Cloninger, Przybeck & Svrakic (1991) showed that females tended to have higher 
Harm Avoidance scores, higher Reward Dependence scores, and lower Novelty Seeking 
scores than males. In this present study, it was found that the female subjects scored 
significantly higher than the males on the total Harm Avoidance scale, the total Reward 
Dependence scale, and three of their four respective subscales (with the exceptions of the 
HA3 "Shyness with strangers" and RD2 "Persistence" subscales). However, contrary to 
Cloninger's finding it was also found that the females tended to score higher on the 
Novelty Seeking scale and NS subscales, although none of these differences reached 
statistical significance at the 5% level.
Secondly, in comparison with the U.S. normative data, the British subjects were found to 
have consistently higher mean total Novelty Seeking scores and NS subscale scores than 
the American subjects. However, the differences on the Harm Avoidance and Reward 
Dependence scales were much more inconsistent. The British females scored significantly 
higher than the American females on the total Harm Avoidance scale and subscales, with 
the exception of the HA3, "Shyness with strangers" subscale, but no significant differences 
were found between the mean total Harm Avoidance scores and HA subscale scores of
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the American and British males. The results also showed a tendency for both the British 
males and females to score lower on the total Reward Dependence scale, the RDI 
"Sentimentality" subscale and the RD2 "Persistence" subscale, than the American subjects.
It is possible that the observed differences between the American and British samples 
reflect cross-cultural differences in personality. On the other hand, it could be that they 
simply reflect an age difference between the two groups. In his biosocial theory of 
personality, Cloninger (1986) suggests that with increasing age there is a tendency for 
Novelty Seeking and Reward Dependence to decrease, but Harm Avoidance to increase. 
The subjects who participated in this present study were significantly younger than those 
who participated in Cloninger's U.S. study, and a strong negative correlation was found 
between the ages and Novelty Seeking scores of the British subjects. It is therefore 
possible that the differences found in the Novelty Seeking scores simply reflect the 
younger age range of the British subjects. However, since no significant correlations were 
found between the ages of the British subjects and the two dimensions of Harm Avoidance 
and Reward Dependence, this explanation cannot account for the inconsistent differences 
between the American and British males and females on these two dimensions. When 
Svrakic, Przybeck & Cloninger (1991) compared the TPQ scores of a large Yugoslavian 
sample with Cloninger's U.S. normative data they also obtained inconsistent differences 
on the Reward Dependence and Harm Avoidance scales. Taken together, the results of 
this present study and those obtained by Svrakic, Przybeck & Cloninger (1991) suggest 
that the Harm Avoidance and Reward Dependence scales may be influenced by cultural 
factors. There is obviously a need for further research to be undertaken to determine the 
relative importance of cultural influences on these two dimensions.
Thirdly, the results of this study support the findings of previous studies (Cloninger, 
Przybeck & Svrakic, 1991; Svrakic, Przybeck & Cloninger, 1991) by showing that the 
Harm Avoidance scale is most reliable and the Reward Dependence scale the least reliable 
of the three personality scales. According to Cloninger, Przybeck & Svrakic (1991) the 
Reward Dependence scale is psychometrically the weakest because it has four less items 
than the other two scales and because some of the RD subscale items do not differentiate 
finely enough between respondents.
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In this study, all of the a  coefficients of the RD subscales, with the exception of the RD3 
"Attachment" subscale were low. The lowest a  coefficients for both the male and the 
female subjects were on the RDI "Sentimentality" and RD4 "Dependence" subscales, 
which both contain only five items. A detailed examination of the data also showed that 
some of the items on these two subscales were positively responded to by more than 80% 
of the subjects. The most consistent and reliable Reward Dependence scale was the RD3 
"Attachment" subscale which contains eleven items. When a  coefficients were calculated 
using just the male or the female data, the reliabilities of the total Reward Dependence 
scale decreased considerably. The findings also raised some important questions about the 
internal consistency of some of the Novelty Seeking subscales, particularly the NSl and 
NS4 subscales. Such findings suggest that fijither research is required to test and possibly 
adapt the TPQ to increase the reliability of the Reward Dependence scale and subscales, 
and the NSl and NS4 subscales.
Finally, taken at face value, the findings obtained from the exploratory factor analyses 
indicate that the TPQ does in fact measure the three higher-order personality dimensions 
of Novelty Seeking, Harm Avoidance and Reward Dependence. The fact that a four- 
factor solution was produced fi’om the British male data, supports the suggestion that 
there is a four-dimensional solution in the TPQ (Svrakic, Przybeck & Cloninger 1991). 
However, because the male sample size was relatively small, fijrther research is needed 
to determine the stabihty of this fourth factor.
Despite the fact that a significant chi-square was obtained fi'om the confirmatory factor 
analysis (CFA), indicating that Cloninger's proposed model differed significantly from the 
data obtained in this present study, the other goodness-of-fit indices suggested that the 
model provided a good fit for the data. According to Cole (1987) and Marsh, Balia & 
McDonald (1988) the chi-square statistic is sensitive to departures from normality and 
sample size (with large samples, veiy small discrepancies between the expected and actual 
correlations will produce a significant chi-square). It could therefore be argued that the 
significant chi-square statistic was obtained simply because the sample size (N=413) was 
large, and because some of the subscales deviated slightly from normality. However, the 
CFA results also indicated that there was a tendency for the subscales to load onto more 
than one latent variable, and that the three latent variables were all strongly correlated
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with each other, which raised some questions about the discriminant validity of the 
questionnaire. It was therefore concluded that Cloninger's empirical model does not 
provide a good fit for the British data. However, it is not clear how the model could be 
improved.
In summary, the findings of this present study show that within a British sample, the TPQ 
does to some extent at least appear to measure Cloninger's proposed higher-order 
personality dimensions of Harm Avoidance, Novelty Seeking, and Reward Dependence. 
However, further research is clearly needed to test and possibly refine some of Novelty 
Seeking and Reward Dependence subscales before the TPQ can be used reliable and 
consistent psychometric tool within the general population. Until the amendments are 
made to the questionnaire, it is recommended that the TPQ should not be used to try and 
classifying alcoholics into Cioninger’s proposed subtypes as discussed in Chapter One
It was the intention of the researcher to follow-up the findings of this study by modifying 
the TPQ to make it more robust for use amongst British samples. However, shortly after 
this investigation was completed Cloninger expanded his theory of personality structure 
so that it encompassed additional aspects of personality which were not accounted for by 
the three original dimensions of Novelty Seeking, Harm Avoidance and Reward 
Dependence (Cloninger, Svrakic, Przybeck, 1993). He and his colleagues also developed 
another self-report questionnaire, the Temperament and Character Inventory (TCI), to 
evaluate each of the traits (Cloninger, Pryzbeck, Svrakic, Wetzel, 1994). A further study 
was therefore undertaken to test the reliability and validity of the TCI in a general British 
population.
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CHAPTER FIVE
STUDY 3: Reliability of the Temperament and Character Inventory
(TCI) in A Group of British Males
5.1 Introduction
As explained in the previous chapter, Cloninger (1986) described three higher order 
personality dimensions in his original psychobiological model of personality, which he 
postulated to be genetically independent predictive patterns of response to specific types 
of emotional stimuli. He called these dimensions novelty seeking, harm avoidance and 
reward dependence. Each was hypothesised to comprise four lower order components, 
and could be measured by a 100 item self-report inventory called the Tridimensional 
Personality Questionnaire (TPQ) (for a further discussion about these dimensions and the 
TPQ refer to Chapter Four; Study 2 of this thesis).
Various studies using the TPQ revealed, however, that persistence, which was originally 
thought to be a component of reward dependence, was uncorrelated with other aspects 
of the dimension i.e., sentimentality, social attachment and dependence on approval 
(Nixon and Parsons, 1989; Cloninger, Przybeck, Svrakic, 1991), and it was consequently 
suggested that it should be considered as a distinct fourth dimension. Research findings 
also showed that although traditional subtypes of personality disorder could be defined 
in terms of extreme variations in novelty seeking, harm avoidance and reward dependence 
(Cloninger, 1987a), the dimensions did not consistently differentiate individuals with 
personality disorders from other well-adapted individuals with extreme personality profiles 
(Cloninger and Svrakic, 1993). In addition, it was demonstrated that there were various 
aspects of personality that were not accounted for by the four dimensions. For example, 
in factor analytic research on 11 year old children, a factor defined by adjustment 
problems, labelled “unpopularity”, was found to be uncorrelated with novelty seeking, 
harm avoidance and reward dependence (Sigvardsson, Bohman, Cloninger, 1987;
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Cloninger, Sigvardsson, Bohman, 1988) and in studies of self-reported personality by 
adults it was observed that various measures of social cooperation, compassion, self 
acceptance and self-esteem could not be explained by the TPQ (Waller, Lilienfield, 
TeUegen, Lykken, 1991; Svrakic, Pryzbeck, Cloninger, 1992; Wetzel, Knesevich, Brown, 
Wolff, Horn, Cloninger, 1992). It was concluded that the aspects of personality which 
were not measured by the TPQ included dimensions of character related to acceptance of 
the individual self, acceptance of others, and acceptance of nature in general.
In response to this series of findings, Cloninger, Svrakic and Przybeck (1993) 
subsequently extended their model of personality into a seven dimensional model with the 
addition of measures of self-directedness, cooperativeness and self-transcendence (Table 
5.1). They claimed that their new model took into account individual differences in both 
normal and abnormal (deviant) behaviour patterns.
The basic concept of self- directedness was described as “self-determination and will 
power, or the ability o f an individual to control, regulate and adapt behaviour to f i t  the 
situation in accord with individually chosen goals and value ” (Cloninger, Przybeck, 
Svrakic and Wetzel, 1994). Co-operativeness was described as “individual differences in 
identification with and acceptance o f other people”, and self-transcendence as 
“identification with everything conceived as essential and consequential parts o f a 
unified whole ”,
Within their extended model of personality, self-directedness, co-operativeness and self­
transcendence were denoted as the ‘character’ dimensions of personality. They were 
hypothesised to reflect individual differences in self-concepts about goals and values, and 
were also purported to mature in adulthood and influence both personal and social 
effectiveness by insight learning about self-concepts. On the other hand, the four 
dimensions of novelty seeking, harm avoidance, reward dependence and persistence, were 
referred to as the temperament dimensions, and were believed to involve differences in 
automatic emotional reactions and habits. They were also hypothesised to be moderately 
hereditable, stable throughout life, involving preconceptual or unconscious biases in
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learning A large scale twin study in feet showed that the hereditability of each of the four 
hypothesised temperament dimensions was between 50% and 65% (Heath, Cloninger and 
Martin, 1994).
Using their new model, Cloninger, Svrakic and Przybeck (1993) suggested that 
individuals with mature personalities, that is, those who demonstrated effective adaptation 
and self-satisfaction, were generally self-reliant, co-operative and possibly self­
transcendent, whereas those with personality disorders tended to have difficulty with self­
acceptance, were more likely to be intolerant, and revengefiil towards others and may feel 
self-conscious and unfulfilled. Accordingly, they hypothesised that the presence or absence 
of personality disorders could be determined by the character dimensions, whereas the 
temperament dimensions could be used to separate personality disorders into clusters or 
specific subtypes.
Cloninger, Przybeck, Svrakic and Wetzel (1994) also developed the Temperament and 
Character Inventory (TCI) to measure the seven basic dimensions of temperament and 
character. The TCI is a battery of tests with several specialised versions designed for 
varying types of informants (i.e self-reports, observer ratings, and interviewers), varying 
age groups, scope of information (temperament, character or both) and levels of clinical 
detail (major dimensions only or lower order components of each dimension). Within this 
present thesis, unless otherwise stated, the TCI however refers to a complete 240 item 
version of the inventory.
In the development of the TCI, 9 of the original 98 items from the TPQ were dropped and 
replaced with 19 new questions to enhance the reliabilities of the individual scales. As a 
result, within the full version of the TCI total novelty seeking is measured by 40 items, 
total harm avoidance by 35 items, total reward dependence by 24 items and persistence 
by 8 items. Self-directedness, co-operation and self-transcendence are measured by 44, 
42 and 33 items respectively.
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Table 5.1 Temperament and Character Descriptors (Taken from Cloninger et al, 1994).
Personality Dimension High Scorers Low Scorers
TEMPERAMENT
Harm Avoidance worrying & pessimistic; 
fearful & doubtful; 
shy;
fatigable.
relaxed & optimistic; 
bold & confident; 
outgoing; 
vigorous.
Novelty Seeking exploratory & curious; 
impulsive;
extravagant & enthusiastic; 
disorderly.
iadifferent; 
reflective; 
fiugal & detached; 
orderly & regimented.
Reward Dependence sentimental & warm; 
dedicated & attached; 
dependent.
practical & cold; 
withdrawn & detached; 
independent.
Persistence industrious & diligent; 
hard-working; 
ambitious & overachiever; 
persévérant & perfectionist.
inactive & indolent; 
gives up easily; 
modest & underachiever; 
quitting & pragmatist.
CHARACTER
Self-Directedness mature & strong; 
responsible & reliable; 
purposeful;
resourceful & effective; 
self-accepted;
habits congruent with long term 
goals.
immature & fragile; 
blaming & unreliable; 
purposeless; 
inert & ineffective; 
self-striving;
habits incongruent with long 
term goals.
Cooperativeness socially tolerant;
empathetic;
helpful;
compassionate & constructive; 
ethical & principled.
socially intolerant;
critical;
unhelpflil;
revengeful & destructive; 
opportunistic.
Self-Transcendence wise & patient; 
creative & self-forgetful; 
united with universe.
impatient;
unimaginative & self-conscious; 
pride & lack of humility.
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In addition to these 226 items, the fiill version of the TCI has backward compatibility with 
the TPQ; in other words, it has included in it the 9 TPQ items not included in the TCI 
scales plus 5 other items that are indicators of the presence of personality disorder.
Cloninger et al. (1994) claimed that the seven factor structure of personality has been 
replicated in both general and psychiatric patient populations. Using Cronbach’s alpha 
coefficients and test-retest reliabilities, they have also demonstrated that both the 
temperament and character scales are all moderately to highly reliable (Table 5.2). 
Furthermore, they have reported that correlations between the original TPQ scale scores 
and the TCI temperament scales are all very high (Table 5.3). However, apart from these 
findings, which were all produced by Cloninger and his colleagues, it appears that no 
independent investigation into the reliability and validity of the TCI has to date been 
undertaken.
Following on from the previous study of this thesis, this present work was therefore 
carried out to test the reliability of the TCI in a general British sample. The validation 
exercise was however constrained to only male subjects. This action was taken largely 
because only male subjects were going to be involved in the following psychobiological 
study of this thesis, in which the effects of alcohol on tryptophan metabolism were to be 
studied in relation to various personality traits.
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Table 5.2 TCI Scales and Subscales and Cronbach CX’ s for a U.S Community Sample (Taken from
TCI Scales No. of Items Cronbach a CoeSicients 
U.S Community Sample N  = 300
NS Novelty Seeking 40 0.78
NSl Exploratory Excitability vs Rigidity 11 0.60
NS2 Impulsivaiess vs Reflection 10 0.62
NS3 Extravagance vs reserve 9 0.71
NS4 Disorderliness vs Regimentation 10 0.54
HA Harm Avoidance 36 0.87
HAl Anticçatory Worry vs Optimism 11 0.71
HA2 Fear o f Uncertainty vs Confidence 7 0.69
HA3 Shyness vs Gregariousness 8 0.76
HA4 Fatigability and Asthoiia vs Vigour 9 0.72
RD Reward Dependence 24 0.76
RDI Soitimaitality vs Insaisitivoiess 10 0.62
RD3 Attadunoit vs Detachment 8 0.72
RD4 Dq>endaice vs independoice 6 0.57
RD2 Persistaice 8 0.65
SD Self Directedness 44 0.86
SDl Reqxinsibility vs Blaming 8 0.70
SD2 Purposeful vs Lack of Goal Direction 8 0.58
SD3 Resourcefulness vs Apathy 5 0.57
SD4 Self-Accqjtance vs self-SÜiving 11 0.75
SD5 Congfuait Second Nature 12 0.75
C Cooperativeness 42 0.89
Cl Sodal Accqtance vs Intolerance 8 0.64
C2 Ençathy vs Social Disinterest 7 0.47
C3 He%dulness vs Unhelpfulness 8 0.63
C4 Conqiassion vs Revengefulness 10 0.86
C5 Pure Hearted vs Self-Serving 9 0.65
ST Self-Transcoidence 33 0.84
STl Self-Forgetful vs Self-Conscious 11 0.73
ST2 Transpersonal Idaitification 9 0.72
ST3 Spiritual Accqrtance vs Materialism 13 0.74
Table 5.3 Correlations Between TPQ and TCI Scores in a Group of 803 U.S College Students
TPQ Scale TCI Scale CorrelatiMi Coefficient
NS NS 0.971
NSl NSl 0.924
NS2 NS2 0.887
NS3 NS3 0.975
NS4 NS4 0.944
HA HA 0.997
HAl HAl 0.990
HA2 HA2 1.00
HA3 HA3 0.990
HA4 HA4 0.991
RD (RD1+RD3+RD4) RD(RD1+RD3+RD4) 0.932
RDI RDI 0.884
RD3 RD3 0.958
RD4 RD4 0.828
RD2 (Persistence) RD2 (Persistence) 0.883
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5.2 Method
5.2.1 Design
This study was designed to test the reliability of the TCI in a representative sample of 
approximately 100 British males. Internal consistency, factor structure and item analysis 
were investigated and comparisons were made between the personality that scores 
obtained by the British males and those obtained by Cloninger, Prz^ybeck and Svrakic 
(1993) in a community sample of 300 American adults, 150 males and 150 females, aged 
18 to 91 years. Comparisons were also made between the TCI temperament scale scores 
and the original TPQ scale scores which were extracted from the TCI.
5.2.2 Subjects
A sample of 100 British males, aged between 19 and 69 years, completed the TCI. The 
validation exercise focused on males for reasons listed above. The mean age of the 
subjects was 32.62 years (s.d.=12.19). The subjects were solicited for participation in the 
study on an opportunistic basis using staff and students at Roehampton Institute London, 
their friends and colleagues. The sample group were considered to be representative of 
the general British population. Over 95% of the subjects were white Caucasian.
5.2.3 Procedure and Materials
The subjects were each asked to complete a copy of the 240-item TCI. No changes were 
made to the questionnaire. They were asked to read each statement carefully and indicate 
whether they agreed or disagreed with what was written by using true and false responses. 
The questionnaires were scored by hand using both the TCI and TPQ scoring keys. 
Statistical analyses were carried out using SPSS Release 6.0 for Windows.
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5.3 Results
The means and standard deviations (s.d) for each TCI scale and subscale are shown below 
in Table 5,4. All the scales showed substantial variability among individuals. When the 
data was compared with Cloninger et a /’s (1994) normative data for the U.S community 
sample (N = 300), it was found that the mean scores for the British males were 
significantly higher on Novelty Seeking (NS) and three of its four subscales 
(‘Inpulsiveness vs. Reflection’ NS2, ‘Extravagance vs. Reserve’ NS3, Disorderliness ws. 
Regimentation’ NS4), the ‘Dependence vs. independence’ (RD4) subscale, the ‘Self­
acceptance vs. self- striving’ (SD4) subscale, and the ‘Social acceptance vs. intolerance 
subscale’ (Cl). On the other hand, the British subjects scored significantly lower than their 
American counterparts on Reward Dependence, Persistence (RD2), Self-transcendence 
(ST) and all of it’s three subscales (‘Self-forgetfiil vs. self-conscious’ STl, ‘Transpersonal 
indentification’ ST2, and ‘Spiritual acceptance vs. materialism’ ST3), the ‘Fear of 
uncertainty vs. confidence’ (HA2) subscale, and the ‘Sentimentality vs. insensitiveness’ 
subscales (RDI) (Table 5.4). However, it must be noted that although the U.S. sample 
consisted of 150 males and 150 females, the data was not stratified by sex and the mean 
scores for the British males were therefore compared with those for the whole U.S 
sample, even though it had previously been found that females scored higher on the harm 
avoidance and reward dependence scales (and three of their composite subscales) than 
males (Rf. Chapter Four of this thesis).
With the exception of total reward dependence, the reliabilities of the temperament and 
character scales were all found to be moderate to high, the a  coefiScients ranging from 
0.630 to 0.807, Reward dependence was found to be the least reliable of the scales, and 
had an a  value of only 0.408. Harm avoidance (a  = 0.807) and self-transcendence (a  
= 0.763) were found to be the most reliable of the temperament and character scales 
respectively. The majority of composite subscales also performed well, and had a  
coefficients ranging from 0.610 and 0.880; exceptions were NS4 (0.589), RD4 (0.462), 
SD2 (0.574), SD3 (0.552), C2 (0.410), C3 (0.556) and C5 (0.555). Interestingly, it was 
found that although the a  coefficients for the U.S community data were generally higher
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than those obtained for the present data, suggesting that the TCI is slightly less valid for 
the British population, the a  values of NS4, RD4, SD2, SD3 and C2 for the U.S 
community sample also fell below the 0.60 threshold. When comparisons were made 
between the reliabilities of the revised temperament scales of the TCI and the original 
TPQ scales, details of which are given above, it was found that the a  coefficients for the 
four TCI scales and subscales were higher than those for the corresponding TPQ scales 
(Table 5.5). This finding showed that the alterations which Cloninger and his colleagues 
had made to the TPQ scales, i.e increasing the number of items on the various scales and 
altering the structure of some of the dimensions, had indeed improved the internal 
consistency of the questionnaire.
Table 5.4 TCI Scale and Subscale Means (and Standard Deviations) for the British Males and
TCI Scale Mean (SD): British 
Males (N=IOO)
Mean (SD): U.S. Community 
Sangle (N=300)
t-test betweoi British 
and U.S Means
NS 21.70(6.86) 19.3 (6.0) t  = 3.I2 p < 0.05 *
NSl 6.50 (2.51) 6.3 (2.3) t = 0.70 p> 0.05
NS2 4.31 (2.53) 3.7 (2.2) t = 2.I6 p < 0.05 *
NS3 5.71 (2.32) 5.0 (2.3) t = 2.66 p < 0.05 *
NS4 5.18(2.17) 4.3 (2.1) t  = 3.54 p < 0 .0 5 *
HA 11.77(7.18) 12.6(6.8) t = -I.OI p > 0.05
HAl 3.33 (2.37) 3.2 (2.4) t  = 0.47 p < 0.05
HA2 2.89 (2.02) 3.6 (2.0) t = -3.05 p < 0.05 *
HA3 3.18 (2.38) 3.3 (2.3) t = -0.44 p > 0.05
HA4 2.37(2.23) 2.5 (2.2) t  = -0.5I p > 0.05
RD 14.96 (4.11) 15.5(4.4) t = -I.I2 p > 0.05
RDI 6.41 (2.22) 7.3 (2.1) t = -3.52 p < 0.05 *
RD3 4.55 (2.31) 4.7 (2.3) t  = -0.56 p > 0.05
RD4 4.00(1.43) 3.5 (1.6) t = 2.94 p < 0.05 *
P 4.67(2.14) 5.6 (1.9) t = -3.87 p < 0.05 *
SD 31.45(6.78) 30.7(7.5) t = 0.93 p > 0.05
SDI 5.93 (1.92) 5.8 (2.0) 1 = 0.58 p > 0.05
SD2 5.34(1.82) 5.5 (1.8) t = -0.76 p > 0.05
SD3 3.82(1.27) 4.0 (1.2) t = -1.24 p > 0.05
SD4 7.35 (2.77) 6.4 (2.8) t = 2.7I p < 0 .0 5 *
SD5 9.01 (2.55) 9.0 (2.5) t = 0.03 p > 0.05
C 33.59 (6.01) 32.2 (7.2) t=1.77 p > 0.05
Cl 7.13 (1.27) 6.7 (1.5) 1 = 2.79 p < 0.05 *
C2 5.34(1.38) 5.3 (1.4) 1 = 0.25 p > 0.05
C3 6.63 (1.45) 6.3 (1.6) 1=1.92 p > 0.05
C4 7.84(2.84) 7.6 (2.8) 1 = 0.73 p > 0.05
C5 6.65 (1.74) 6.5 (2.0) 1 = 0.72 p > 0.05
ST 13.23 (6.85) 19.2 (6.3) 1 = 7.69 p < 0.05 *
STl 4.93 (2.66) 5.9 (2.7) 1 = -3.I5 p < 0.05 *
ST2 2.25 (2.05) 4.6 (2.4) 1 = -9 .4 9 p <0.05 *
ST3 6.05 (3.43) 8.7 (2.9) 1 = -6 .9 4 p <0.05 ♦
and the U.S Community sangle were assessed through the indq)endent t-Differences between the mean scores for the British males 
test. * = P < 0.05 (two-tailed).
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Table 5.5 Cronbach’s (X Coefficients for TCI and TPQ Scales and Subscales and Correlation
Coejïicients Between TCI Temperament Scores and TPQ Scores.
TCI Scale 0( Coefficiaits of TCI 
Scales for British 
Males (N=IOO)
TPQ Scale (X Coeffidoitsof 
TPQ Scales for 
British Males 
(N=IOO)
Pearsons Correlation 
Coefficients Between 
TCI Ten^)erameot Scale 
Scores and TPQ Scores.
NS 0.687 NS 0.674 0.96
NSl 0.675 NSl 0.635 0.95
NS2 0.709 NS2 0.614 0.88
NS3 0.744 NS3 0.685 0.97
NS4 0.589 NS4 0.579 0.95
HA 0.807 HA 0.805 0.99
HAl 0.672 HAl 0.678 0.98
HA2 0.694 HA2 0.694 1.00
HA3 0.783 HA3 0.759 0.98
HA4 0.787 HA4 0.766 0.98
RD (RD1+RD3+RD4) 0.408 RD (RDI+RD3+RD4) 0.356 0.93
RDI 0.642 RDI 0.492 0.84
RD3 0.751 RD3 0.726 0.97
RD4 0.462 RD4 0.502 0.84
P(RD2) 0.702 P 0.507 0.85
SD 0.630
SDl 0.686
SD2 0.574
SD3 0.552
SD4 0.757
SD5 0.731
C 0.673
Cl 0.612
C2 0.410
C3 0.556
C4 0.881
C5 0.555
ST 0.763
STl 0.737
ST2 0.684
ST3 0.807
The skewness and kurtosis values for each scale and subscale were generally moderate, 
falling in the range of-1 to 1. The notable exceptions were SDl (Skew -1.26, S.E. Skew 
0.24; Kurtosis 1.23, S.E. Kurt 0.48), Cl (Skew -1.89, S.E. Skew 0.24; Kurtosis 3.68, 
S.E. Kurt 0.48), C3 (Skew -1.24, S.E. Skew 0.24; Kurtosis 1.75, S.E. Kurt 0.48) and C4 
(Skew -1.33, S.E. Skew 0.24; Kurtosis 0.56, Kurt 0.48), the distributions of which were 
all negatively skewed and kurtotic. When the various items of the subscales were 
examined, it was found that forty-four had extremely high endorsement frequencies, that 
is outside 20% to 80%. These items are listed in Table 5.6, and it can be seen clearly from 
this table that many of them were found to comprise the various co-operativeness 
subscales.
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Table 5.6 List of Items With Extreme Response Frequencies
TCI Subscale No of Items Items with Extreme Reqxmse Frequencies
NSl II
NS2 10 -
NS3 9 -
NS4 10 53
HAl II 65,81,149
HA2 7 -
HA3 8 231
HA4 9 43, 92,113
RDI 10 28
RD3 8
RD4 6 71
P(RD2) 8 128, 166
SDl 8 86, 151
SD2 8 9,126
SD3 5 -
SD4 II 229
SD5 12 17,90,104,115
Cl 8 5, 16, 48, 122, 172, 234
C2 7 25,49,73
C3 8 10,64,87,127
C4 10 78,98,146,222
C5 9 50,186
STl II 8
ST2 9 51,163
ST3 13 -
Pearsons correlations between the TCI temperament scale scores and the TPQ scale 
scores for the British males were calculated, and as expected were all found to be high 
(Table 5.5). Correlations among the four temperament dimensions and the three character 
dimensions of the TCI were also calculated and are summarized in Tables 5.7 and 5.8 
respectively. As can be seen from these tables, total novelty seeking was found to be 
significantly negatively correlated with total harm avoidance (r = -0.25, p < 0.05), total 
harm avoidance was found to be significantly negatively correlated with persistence (r = 
-0.27, p < 0.05), and self-directedness was found to be significantly positively correlated 
with co-operativeness (r = 0.48, p < 0.05). When correlations were calculated between 
the four temperament and three character scales it was found that self-directedness was 
significantly correlated with both persistence (r = 0.30, p< 0.05) and harm avoidance (r=- 
0.43, p< 0.05); co-operativeness was significantly correlated with novelty seeking (r =- 
0.25, p< 0.05) and reward dependence (r = 0.33, p< 0.05); and reward dependence was 
significantly correlated with self-transcendence (r = 0.40, p < 0.05). None of the other 
correlations between the higher-ordered scales were statistically significant at the 5% 
significance level.
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Table 5.7 Pearsons Correlations Among the Temperament Scales and Subscales
Scale NS NSl NS2 NS3 NS4 HA HAl HA2 HA3 HA4 RD RDI RD3 RD4
NSl .71
NS2 .73 .31
NS3 .69 33 32
NS4 .74 3 9 .46 .34
HA -.25 -.47 -.04 -.10 -.09
HAl -.16 -.28 -.08 -.12 -.02 .86
HA2 -.30 -.45 -.07 -.16 -.17 .79 .59
HA3 -.21 -.44 -.03 -.11 .01 .78 .56 .53
HA4 -.14 -32 .06 -.01 -.14 .75 .58 .45 3S
RD .03 .17 -.07 .04 -.07 .18 .23 .19 -.04 .21
RDI -.05 .01 -.12 .01 -.03 .13 .13 .12 .02 .15 .72
RD3 .19 .21 .16 .13 -.01 .05 .12 .14 -.23 .16 .74 .21
RD4 -.15 .11 -29 -.10 -.17 .23 .24 .14 .22 .11 .56 .18 .21
P .03 .28 -.03 -.09 -.10 -.27 -.16 -.34 -.20 -.18 .03 .02 -.03 .10
Correlations significant at p< 0.05 are indicated in bold.
Table 5.8 Pearsons Correlations Among the Character Scales and Subscales.
SD SDl SD2 SD3 SD4 SD5 C Cl C2 C3 C4 C5 ST STl ST2
SDl .72
SD2 .68 .44
SD3 .70 .51 .49
SD4 .51 .20 .04 .11
SD5 .72 .38 .47 .50 .04
C .48 .23 3 2 .20 .33 .41
Cl .26 .11 .10 .08 .19 .27 .59
C2 .46 3 0 3 9 .36 .18 .36 .58 3 4
C3 .40 .25 .27 31 .11 .41 .65 .47 3 2
C4 .28 .11 .15 .00 .29 .22 .85 .36 .33 3 5
C5 3 1 .10 3 5 .09 .28 .22 .63 .05 .15 .26 .46
ST -.10 -.22 .08 -.12 -.04 -.07 .17 -.01 3 1 -.04 3 0 .16
STl -33 -.25 -.03 -.09 -.10 -.22 -.00 -.08 .22 -.18 .04 -.03 .81
ST2 .02 -.15 .12 -.04 .03 .06 .24 .07 .14 .05 .27 .18 .80 .52
ST3 -.04 -.16 .11 -.13 -.01 .00 .21 -.01 .16 .04 .20 .23 .89 .54 .59
Correlations significant at p< 0.05 are indicated in bold.
Kaiser-Meyer-OIkin (KMO) measures were calculated to assess whether the data was 
suitable for factor analysis. The calculated value was 0.69 and since this fell within the 
accepted range (Kaiser, 1974), an exploratory factor analysis was performed using 
principal component analysis followed by oblimin rotation. The factor analysis failed to 
replicate the seven factor structure as predicted. Only six factors with eigen values greater 
than 1 were identified. The standardised factor loadings for the six factor solution are 
shown in Table 5.9.
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Table 5.9 Factor Structure of tiie TCI Subscales Using Eigen Values >1 (Direct Ob imin Rotation)
TCI Scale Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
NSl -.35 .54 .13 .32 .08 .24
NS2 -.05 .67 .04 -.19 -.12 .10
NS3 .02 .66 -.02 .02 .09 .19
NS4 -.05 .79 -.01 .03 .12 -.22
HAl .84 -.02 -.00 .18 -.01 .06
HA2 .74 -.18 .00 -.22 -.08 .13
HA3 .71 -.05 -.17 -.05 .16 -.30
HA4 .71 -.02 .13 .02 -.14 .04
RDI .17 -.03 .70 .13 .10 .10
RD3 .26 .26 .20 -.07 -.04 .71
RD4 .49 -.09 -.10 .44 .40 .30
P(RD2) -.33 -.17 .12 .59 .15 -.06
SDl -.31 -.07 -.34 -.19 .05 .67
SD2 -.09 -.24 .02 .26 .03 .63
SD3 -.61 -.06 -.14 .20 .07 .38
SD4 -.15 -.21 -.05 -.68 .28 .05
SD5 -37 -.33 -.07 .23 .28 .23
Cl -.02 .18 -.01 -.08 .87 -.16
C2 -.24 .10 .25 -.11 .44 .34
C3 -.10 -.07 -.09 .16 .72 .03
C4 .20 -.23 .24 -.28 .62 .12
C5 .06 -.64 .20 -.16 .14 .18
STl -.00 .27 .80 .02 -.10 .01
ST2 -.09 -.14 .82 .06 .05 -.04
ST3 -.09 -.10 .80 -.10 -.05 -.01
H ipest loadings are given in boldface
Table 5.10 Factor Loadings oftiie TCI Subscal^ When 7 Factors Extracted (Direct Oblimin Rotation)
TCI Scale Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
NSl -.26 .56 .13 .04 -.17 .20 .33
NS2 .15 .79 .05 -.15 .36 .09 .14
NS3 -.03 .61 -.03 .10 -.12 .21 -.11
NS4 -.04 .78 -.01 .12 -.07 -.20 -.07
HAl .88 .03 -.01 -.01 -.12 .07 .10
HA2 .71 -.16 -.00 -.06 .14 .17 -.20
HA3 .76 .01 -.16 .15 .10 -.28 -.01
HA4 .71 .00 .13 -.13 -.05 .06 -.06
RDI -.00 -.14 .68 .14 -.34 .04 -.19
RD3 .17 .21 .18 -.02 -.06 .73 -.13
RD4 .40 -.14 .12 .40 -.45 .29 .17
P(RD2) .01 -.10 .12 .06 -.06 -.16 .88
SDl -.33 -.09 -.34 .04 .17 .65 -.01
SD2 -.01 -.17 .02 -.01 -.02 .57 .46
SD3 -.44 .02 -.13 .01 .07 .30 .49
SD4 -.01 -.09 -.04 .27 .78 .05 -.08
SD5 -.34 -.33 -.08 .25 -.11 .18 .30
Cl -.05 .16 -.03 .86 .06 -.15 -.02
C2 -.28 .07 .24 .44 .06 .35 -.02
C3 -.01 -.01 -.10 .68 .02 -.00 .33
C4 .12 -.26 .23 .63 .17 .15 -.18
C5 .14 -.56 .20 .13 .29 .16 .14
STl -.01 .26 .79 -.08 -.06 .04 -.04
ST2 -.01 -.09 .82 .04 .04 -.05 .17
ST3 -.01 -.05 .81 -.05 .17 -.00 .07
H ipest loadings are given in boldface
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When a seven fector solution was extracted, it was found that the harm avoidance, novelty 
seeking, self-transcendence and co-operativeness subscales dominated the first four 
factors as expected but no clear correlation patterns emerged for either the reward 
dependence or self-directedness subscales (Table 5.10). Persistence and ‘Self-acceptance 
vs. Self-striving’ (SD3) both loaded strongly on the seventh factor. Correlations between 
the seven factors were weak with none exceeding 0.28 in absolute value (Table 5.11), and 
the obliquely rotated seven factor solution accounted for 67% of the total variance.
Table 5.11 Factor Correlation Matrix for Seven Factor Solution
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
Factor 1 1.00
Factor 2 -0.12 1.00
Factors -0.09 -0.03 1.00
Factor 4 0.09 0.18 0.05 1.00
Factor 5 0.04 0.11 -0.03 -0.01 1.00
Factor 6 0.12 0.04 0.11 0.21 -0.03 1.00
Factor 7 0.28* 0.08 -0.04 0.16 -0.05 0.15
‘ p< 0.05 (two-tailed)
5.4 Discussion
With the exception of scores on the ‘Responsibility vs Blaming’ (SDl); ‘Social 
Acceptance vs. Intolerance’ (Cl); ‘Helpfulness vs Unhelpfijlness’ (C3); and ‘Compassion 
vs Revengefulness’ (C4) subscales, the scores obtained by the British males on the TCI 
temperament and character scales and subscales were found to be approximately normally 
distributed as predicted. It was also found that when comparisons were made between the 
mean temperament scores of the British males and those of a U.S community sample, the 
British subjects scored significantly higher on the novelty seeking scale and three of its 
subscales, but significantly lower on the reward dependence and ‘Sentimentality vs. 
Insensitiveness’ (RDI) subscale. However, because it was not possible to separate the 
male data from the female data within the U.S. community sample, no firm conclusions 
can be drawn from these results. The findings nevertheless appear to support the results 
of the previous study (Chapter Four; Study 2) in which it was reported that British 
subjects had consistently higher mean novelty seeking scores and subscale scores as 
measured by the TPQ than American subjects, but lower reward dependence, 
‘Sentimentality vs. Insensitiveness’ (RDI) and ‘Persistent’ (RD2) mean scores.
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The results of the item analysis showed that the internal consistencies of the temperament 
scales were generally high - harm avoidance was the most reliable, and reward dependence 
was the least reliable of the four scales. The internal consistencies of the three character 
scales were also found to be acceptable, although several of their composite subscales 
were found to be less consistent, namely ‘Resourcefulness vs. Apathy’ (SD3), 
‘Resourcefulness vs. Apathy’ (SD3), ‘Empathy vs. Social disinterest’ (C2), ‘Helpfulness 
vs. Unhelpfulness (C3) and ‘Pure hearted vs. Self-serving’ (C5). The fact that several of 
their corresponding items were found to have extreme response frequencies, suggesting 
that they did not differentiate among the respondents clearly enough, could possibly 
account for the weaknesses of these subscales. In fact, 44 (19%) of the 226 TCI items 
were either positively or negatively responded to by more than 80% of the British sample. 
However, it is interesting to note that in the development of the TCI, Cloninger et a l 
(1993) claimed to have removed items with extreme response frequencies (generally 
outside 20% and 80% endorsement) following a pretest with a sample of 212 U.S college 
students. A brief examination of the items responded to extremely by the Bristish males 
showed that they did not contain any American jargan or peculiar linguistic difficulties. 
It was therefore speculated that the high response frequency observed amongst the British 
males may have been another indication of the possible influence of cultural trends and 
differences on personality.
Results of a factor analysis unrestricted in respect to factor number failed to support the 
seven factor model as predicted, and raised doubts about the discriminative validity of 
some of the TCI subscales. In fact, only six factors with eigen factors greater than 1 were 
identified. Within this six factor solution, factor 1 was dominated with the harm avoidance 
subscales; the novelty subscales were found to dominate factor 2; factor 3 was dominated 
with the self-transcendence subscales; and the co-operativeness subscales dominated 
factor 5. However, contrary to expectations neither the persistence, reward dependence 
or self-directedness subscales were found to dominate the other three factors. Even when 
the principle component analysis was expanded to a seven factor solution the results only 
partially corroborated Cioninger’s hypothesis. For example, although the first four factors 
were strongly represented by the harm avoidance, novelty seeking, self-transcendence, and
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co-operative subscales respectively, the reward dependence, persistence, and self- 
directedness subscales failed to load with any clear patterns on the other three factors as 
expected. Both persistence and ‘self-acceptance vs. self-striving’ (SD3) loaded strongly 
on the seventh factor. Thus it was concluded that some of the items of the TCI seemed 
to fail to tap into their proposed underlying constructs, raising questions about the 
discriminative validity of some of the TCI subscales.
As expected, interfactor correlations between the seven empirically derived factors were 
weak. Significant correlations were however found between the harm avoidance factor 
and the Persistence/SD3 (Resourcefulness vs Apathy) factor, and between the Co­
operative factor and factor 6 comprising SDl (Responsibility vs Blaming), SD2 
(Purposeful vs Lack of goal direction), and RD3 (Attachment vs Detachment).
Pearsons product-moment correlations between the temperament and character scales 
also showed that harm avoidance was significantly correlated with persistence, and that 
co-operativeness was correlated with self-directedness. In addition, novelty seeking was 
shown to be negatively correlated with harm avoidance, which once again supports the 
findings of the previous study.
In conclusion, evidence obtained firom this study has suggested that the TCI should not 
be used in its present form as a reliable psychometric tool for measuring the seven 
proposed temperament and character traits within a general British populations. However, 
it was felt that it could be used with some degree of confidence to measure the personality 
traits of harm avoidance, novelty seeking and self-transcendence.
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CHAPTER SIX
STUDY 4: The Effects of An Acute Dose of Alcohol on Tryptophan
Metabolism in Relation to Personality Traits in A Group of 
Non-Alcoholic Subjects
6.1 Introduction
In Chapters One and Three, it was noted that the serotonin hypothesis of alcoholism 
postulates that that certain individuals might have a genetically transmitted deficit in 
central serotonergic functioning, which perhaps leads to a greater preferrence for alcohol, 
increased alcohol intake, and hence increased vulnerability to alcoholism. This then raises 
the question as to whether some alcoholics use alcohol to self-medicate their serotonergic 
hypoactivity. In order to be able to answer such a question, however, it is important that 
a greater understanding of the effects of acute and chronic alcohol consumption on the 
serotonin neurotransmitter system is obtained.
The effects of alcohol on tryptophan and serotonin metabolism in experimental animals 
were briefly mentioned in Sections 1.2.2 and 1.2.3. They have been more thoroughly 
reviewed by Badawy (1988) and LeMarquand, Pihl and Benkelfat (1994b). As stated 
earlier, the effects vary depending on many factors, the most important of which is 
whether the alcohol is administered acutely or chronically. Other important factors include 
the dose of alcohol, route of administration, time interval of testing and the animal species 
or strain used within the investigations. In general, in the most widely studied animal 
species, the rat, it has been demonstrated that acute alcohol intake exerts a biphasic effect 
on cerebral serotonin synthesis and turnover, an initial enhancement, followed by an 
inhibition (Badawy and Evans, 1976). The initial enhancement appears to be caused by 
an increase in fi-ee tryptophan availability to the brain, resulting fi*om displacement of 
protein-bound tryptophan by non-esterified fatty acids. The subsequent decrease in the 
tryptophan availability to the brain is believed to be due to increased degradation by 
tryptophan pyrrolase.
I l l
Changes in tryptophan pyrrolase activity also appear to mediate both the chronic and 
withdrawal effects of alcohol on brain serotonin. There is strong evidence, for example, 
that chronic alcohol administration in animal species (anywhere from 3 to 25 months) 
inhibits the activity of this major tryptophan-degradating enzyme, and thus enhances 
circulating tryptophan levels and brain serotonin synthesis. In contrast, however, it has 
been shown that in rats ethanol withdrawal causes an enhancement of tryptophan 
pyrrolase activity leading to a decrease in the availability of circulating tryptophan with 
a consequent inhibition of brain serotonin synthesis (Badawy, Punjani, Evans, Evans, 
1980).
Compared with the number of animal studies, much less work has been done on the 
effects of alcohol on tryptophan metabolism and disposition in humans. Indeed, at this 
time very httle evidence exists concerning the chronic and withdrawal effects of alcohol 
on tryptophan metabolism and disposition in man. Evidence for a possible defect in the 
hepatic kynurenine-nicotinic pathway of tryptophan degradation during chronic alcohol 
consumption was obtained by Walsh, Howorth and Marks (1966) when they 
demonstrated that urinary excretion of tryptophan metabolites from the above pathway 
following an oral tryptophan load was decreased in alcoholics within 24 hours of cessation 
of alcohol consumption, thus suggesting a possible inhibition of liver tryptophan pyrrolase 
activity by chronic alcohol administration. More recently, kynurenine production after a 
tryptophan load has also been demonstrated to be higher in chronic alcoholics one month 
after detoxification in comparison with that at the time of admission (Friedman, 
Krstulovic, Severinghaus, Brown, 1988). Such a finding further implies that chronic 
alcohol administration may well inhibit tryptophan pyrrolase activity. However, because 
these studies suffer from small sample sizes and lack of nonalcoholic control data, fiirther 
investigations are needed
Studies which have examined the effects of acute alcohol consumption in healthy human 
volunteers have generally shown that it decreases the availability of tryptophan and hence 
central serotonin levels and neurotransmission (LeMarquand, Pihl and Benkelfat, 1994a). 
It has for example, been shown that acute alcohol administration produces a transient
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increase in tryptophan pyrrolase activity, causing reduced levels of circulating plasma 
tryptophan available for brain uptake and serotonin synthesis (Badawy, Morgan, Bradley, 
Thomas Lovett, 1988). It has also been shown that acute ethanol consumption lowers 
CSF tryptophan (Beck, Borg, Sedvall, 1983), blood 5-HT (Pietraszek, Urano, Serizawa, 
Takahashi, Takada, Takada, 1991), and urinary 5-HIAA concentrations (Rosenfeld, 1960; 
Feldstein, Hoagland, Wong, Freeman, 1964; Davis, Brown, Huff, Cashaw, 1967). In a 
study of acute intoxication in normal subjects, Rosenfeld (1960) for example, reported a 
pronounced decrease in the urinary excretion of 5-HIAA during a five hour period 
following ingestion of 100 grammes of pure ethanol. Similarly, using radioactive 
serotonin, Feldstein and co-workers (1964) showed that ethanol blocked the conversion 
of serotonin-C*"^  to 5-HIAA-C^\ causing a reduction in the amount of excreted 5-HIAA-
Such decreases in 5-HIAA following an acute dose of alcohol, are believed to be brought 
about by the effects that ethanol has on the oxidative-reductive pathways of serotonin . 
The metabolism of serotonin begins with oxidative deamination to 5-hydroxyindole-3- 
acetaldehyde (5-HIAL) by action of the monoamine oxidase enzyme (Fig 6.1). In man, 5- 
HIAL is degraded through oxidation by aldehyde dehydrogenase (ALDH) to 5- 
hydroxyindole-3-acetic acid (5-HIAA) the principle cerebrospinal fluid and urinary 
serotonin metabolite. A minor portion of 5-HIAL is reduced to 5-hydroxytryptophol (5- 
HTOL) by alcohol dehydrogenase or aldehyde reductase. Acute alcohol consumption is 
believed to cause a shift in 5-HT metabolism fi-om the oxidative to the reductive pathway, 
leading to a decrease in 5-HIAA and an increase in 5-HTOL levels. Davis, Brown, Huff, 
Cashaw (1967) showed that ethanol ingestion one hour before the administration of 
serotonin-C^ "^  resulted in a marked decrease in the excretion of 5-HIAA and a concurrent 
increase in 5-HTOL excretion. Similarly, Helender, Beck, Jacobsson, Lowenmo, 
Wikstrom (1993) showed that following an oral intake of ethanol (0.8g/kg body weight), 
plasma and urinary levels of 5-HIAA were reduced by about 40% and 25%, whilst 5- 
HTOL levels increased on average 7 fold and 50 fold respectively. They thus concluded 
that the diminuation in the oxidative route of serotonin metabolism to 5-HIAA appeared 
to be completely accounted for by the increase in the reductive pathway to 5-HTOL.
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Figure 6.1 Metabolism of Serotonin (Adapted from Feldstein et al, 1964)
Serotonin
Monoamine oxidase 
5-Hydroxyindoleacetaldehyde
Alcohol Dehydrogenase 
(NADH)
5-Hydroxytryptophol
Aldehyde Dehydrogenase 
(NAD)
5-Hydroxyindoleacetic Acid
The synthesis of serotonin in the brain is known to be largely determined by the 
availability of its precusor amino acid, L-tryptophan (Ashcroft, Eccleston and Crawford, 
1965; Rf. Section 1.2.1 ). Tryptophan is an essential amino add, present in the normal diet 
and circulates in plasma loosely bound to albumin. However, as indicated in Chapter One, 
the availablity of tryptophan to the brain is not only dependent upon circulating tryptophan 
concentrations but on several other factors including the level of competition between 
tiyptophan and the five large neutral amino acids - leucine, isolecine, valine, tyrosine and 
phenylalanine- which are known to share the same cerebral uptake mechanism. Indeed, 
Badawy (1988) has pointed out if cerebral 5-HT synthesis is dependent upon brain 
tryptophan concentrations, then it follows that the factors which affect cerebral tryptophan 
availability will almost certainly affect cerebral 5-HT synthesis.
Eiikkson, Magnusson, Carlsson, Hagman, Jagenburg (1983) examined the effects of acute 
alcohol consumption by healthy male volunteers on plasma tryptophan and other amino 
acids and reported that a single dose of alcohol caused a marked decrease in most plasma 
amino acids including circulating tryptophan. Badawy, Morgan, Bradley, Thomas and 
Lovett (1988) also demonstrated that following acute ethanol intake, circulating 
tryptophan availability to the brain was decreased by lowering free and total serum 
tryptophan concentration in fasting normal male subjects. This latter group of researchers, 
however, showed that acute alcohol intake did not alter tryptophan binding to albumin or
114
the levels of the five tryptophan competitors. Contrary to these findings, Pietraszek, 
Urano, Sumioshi, Takahashi, Takada, Takada (1991) failed to show that acute alcohol 
consumption altered blood tryptophan levels. Nevertheless, they reported that whole 
blood serotonin concentration was reduced forty-five minutes after the acute dose of 
alcohol.
Clinically, low serotonin has been associated with impulsive responding (i.e., the tendency 
toward active responding in the face of cues that normally suppress such behaviour, such 
as cues for punishment and nonreward), aggressivity and self-injurious behaviour, 
including suicide (Insel, Zohar, Benkelfat, Murphy, 1990; Roy , Virkkunen, Linnoila, 
1990). These are also behaviours that tend to co-occur with alcohol consumption, and 
it is therefore tempting to speculate that such behaviours may be facilitated by the effects 
of acute alcohol consumption on serotonin metabolism. Furthermore, if chronic alcohol 
consumption does increase tryptophan availability and serotonin synthesis as experimental 
findings suggest, then it is also possible that individuals who have a premorbid 
serotonergic dysfunction which is often associated with alcohol dependence, might 
consume alcohol chronically in order to self-medicate their serotonergic hypoactivity. At 
this present time, however, the picture is not clear enough to draw any firm conclusions 
as to the precise implications of the effects of acute and chronic alcohol consumption on 
the serotonin neurotransmitter system. Further work is therefore needed to ascertain the 
effects of alcohol and its subsequent withdrawal on various aspects of tryptophan 
metabolism and disposition in relation to the psychological and other behavioural 
disturbances associated with alcohol intake and dependence.
This present study was designed to expand the findings of previous investigations which 
had examined the changes which occur in tryptophan and serotonin metabolism following 
acute alcohol intake by healthy normal subjects. The aim was to expand the work of the 
previously highlighted studies, by assessing the effects of acute alcohol consumption on 
a wider range of serum tryptophan metabolites. In relation to this, it was also decided to 
investigate whether the personality structures of the individuals had any influence upon 
the neurochemical changes brought about by the alcohol intake. An extensive literature
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search feiled, however, to identify any similar psychobiological studies carried out within 
the context of alcohol research. Interestingly, the literature search also showed that the 
number of recorded correlative studies of specific personality traits and neurotransmitter 
levels, as measured directly in blood or cerebrospinal fiuid in healthy normal subjects, was 
extremely low even though several different biological models of personality have been 
proposed (e.g., Eysenck, 1967; Zuckerman, 1979; Cloninger, 1986; Cloninger, Przybeck, 
Svrakic and Wetzel, 1994).
Ballenger, Post, Jimerson, Lake, Murphy, Zuckerman, and Cronin (1983) carried out a 
comprehensive correlative study of personality and neurotransmitter levels in normal 
subjects. They administered a battery of psychological tests and obtained blood, urine and 
CSF samples for biochemical assessment from 43 healthy volunteer subjects. After 
partialling out the influences of age, height and weight, they found a number of significant 
relationships between the psychological traits and the biochemical variables. Neuroticism 
as measured by Eysenck's Personality Questionnaire (EPQ; Eysenck and Eysenck, 1975) 
was negatively correlated with plasma total MHPG (the norephinephine metabohte 3- 
methoxy-4-hydroxyphenylglycol). Neuroticism was also found to be negatively correlated 
with CSF calcium. In the brain calcium ions precipitate the release of many types of 
transmitters, and their levels in CSF seem inversely related to behavioural and brain 
excitability. In fact, CSF calcium was also shown to be positively correlated with scores 
on the extraversion scale of the EPQ-R. Significant negative correlations were also found 
between Zuckerman's General Sensation Seeking Scale (SSS; Zuckerman, 1971) and both 
CSF norephinephine and plasma DBH (dopamine-B-hydroxylase), the enzyme that 
catalyses the conversion of dopamine to norepinephrine.
In a more recent study of fifty seven alcoholic men and fifteen healthy controls, Limson, 
Goldman, Roy, Lamparski, Ravitz, Adinoff, and Linnoila (1991) produced somewhat 
more negative findings. They found no significant correlations between any of the 
personality variables as measured by Cloninger's TPQ, the Eysenck Personality- 
Questionnaire Revised (EPQ-R) or the Minnesota Multiphasic Personality Inventory 
(MMPI) and concentrations of CSF 5-HIAA, norepinephrine, MHPG, or the dopamine
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metabolite homovanillic acid, in either the alcoholics or controls.
Building upon both of these studies, a decision was made to use both the EPQ-R and 
Cloninger’s Temperament and Character Inventory (TCI), to examine the possible 
influences of various personality traits on the neuro chemical changes brought about by an 
acute dose of alcohol. Because serotonin itself has been linked with the development and 
course of alcoholism, particular attention was focused on the proposed serotonin 
modulated trait of harm avoidance as defined by Cloninger (1986).
A series of hypothesis were formulated. Firstly, it was predicted that the results of the 
investigation would be consistent with the earlier findings of Badawy, Morgan, Bradley, 
Thomas and Lovett (1988), and would show that acute alcohol consumption by healthy 
normal males decreased blood tryptophan levels by enhancing the activity of the 
tryptophan pyrrolase enzyme. Secondly, it was predicted that a corresponding decrease 
in serotonin synthesis would be observed following the acute alcohol intake. Thirdly, it 
was hypothesised that a positive correlation would be found between blood serotonin 
levels and harm avoidant scores as measured by the TCI. Fourthly, it was predicted that 
the personality structures of the individuals would have an influence upon the 
neurochemical changes brought about by the alcohol intake. In particular, it was 
hypothesised greater percentage changes in tryptophan metabolism would be experienced 
by those individuals with higher harm avoidance than those with lower harm avoidance. 
Furthermore, because Cloninger (1986) had suggested that novelty seeking broadly 
measures the same phenotypic features as Eysenck’s extraversion, and harm avoidance 
assess behavioural dispositions similar to neuroticism, it was also hypothesised that 
positive correlations would be found between scores on the TCI novelty seeking scale and 
the EPQ-R extraversion scale; and between the TCI harm avoidance scale and the EPQ-R 
neuroticism scale. It was, therefore, also speculated that the tryptophan metabolism of 
individuals with greater neuroticism tendencies would be more affected by the acute dose 
of alcohol.
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6.2 Methods
6.2.1 Subjects
15 non-alcoholic male subjects aged 19 years to 33 years, with a mean age of 21.07 years 
(std. dev. 3.65) participated in this study. Twelve of the subjects were recruited from the 
student population at Roehampton Institute London, whilst the other three were recruited 
through colleagues of the researcher. All subjects described themselves as "social 
drinkers", drinking between 6 and 30 units of alcohol per week (mean = 20 units per 
week). Two of the subjects reported that they had second-degree positive family histories 
for alcohol-related problems, whereas the remainder were all family history negative. 
None of the subjects had any history of psychiatric disorders, and all were in good 
physical health. The weights of the subjects ranged from 61.60kg to 85.50kg with a mean 
of 76.07kg (st.dev 6.53).
All of the subjects who participated in the study were required to fulfil the following 
criteria: (i) aged 18 years or over; (ii) no current or previous history of regular illicit drug 
use; (iii) no current or previous history of diabetes, liver damage, heart problems, 
haematology, or psychiatric disorders; (iv) free from all forms of medication for at least 
48 hours prior to the study
6.2.2 Procedure
The subjects who volunteered to participate in this study were each asked to complete the 
following questionnaires: Eysenck's Personality Questionnaire-Revised Version (EPQ-R; 
Eysenck and Eysenck, 1991; Appendix VI), the Temperament and Character Inventory 
(TCI; Cloninger et al, 1994, see Chapter Five) and a self designed questionnaire to assess 
subjects past history of medical and psychiatric problems, drinking and drug use patterns 
and problems (Appendix VU). The EPQ-R was not validated by the researcher before 
being used in this study, as unlike the TCI, is was developed and widely tested amonsgt
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a general British population. The questionnaires were scored using the relevant scoring 
keys, details of which are also provided in the appropriate appendices. Ethical approval 
for the study was obtained from the Ethics Committee, Roehampton Institute London.
Individuals who fulfilled the selection criteria for the study were given full written details 
about the project (Appendix VIII). They were also given consent forms to sign to confirm 
that the procedures had been fully explained to them, and that they met all the above 
requirements (^pendix IX). Each subject was paid £16 for his participation in the study.
Subjects were brought to the laboratory on two occasions, where they received, in 
random order, either a placebo drink containing 2.8ml of 95% ethanol mixed in 3ml/kg 
body weight chilled orange juice or a 0.8g/kg body weight dose of 95% ethanol served 
as a 25% solution e g 1 ml/kg body weight ethanol mixed in 3ml/kg chilled orange juice. 
The placebo drink was simply given as a measure to control for the possible confounding 
circadian rhythm effects on the transmitter levels. However, in an attempt to impair the 
ability of the subjects to discriminate between the two types of drinks and thus reduce the 
effects of expectancy, a thin layer of alcohol was also wiped around the rim of the glass 
containing the placebo.
Subjects arrived at the laboratory by 8.30am after an overnight fast from all food and 
drink except water from at least 11pm. They were weighed and rested for 30 minutes 
before being asked to produce a urine sample. Subjects were given clear instructions 
concerning the procedure for the urine collection, but were unsupervised during this 
process. They were advised to collect all the urine flow in a plastic jug provided, and to 
pour 5 ml of the urine into a 10ml plastic capped tubed which already contained 5ml of 
preservative (5% sodium metabisulphate in IM hydrochloric acid). The remainder of the 
urine was then discarded. The tubes were clearly labelled with the subjects name and time 
of collection and placed in a -75°c freezer for storage until analysis. Immediately after the 
urine samples were collected, a 10ml venous blood sample was taken from each subject, 
by a qualified nurse, using Becton Dickenson vacutainer tubes. This was followed by 
consumption of either the placebo or alcoholic drink. Both drinks were imbibed over a 20
119
minute period. Additional blood samples were taken from the subjects at 1.5 hours and 
2 hours after consumption of the drinks. Another urine sample was also collected 2 hours 
after the end of the drinking session.The rationale for the sampling times was based on 
advice received from Dr Badawy (University of Wales College of Medicine, Cardiff) who 
drew attention to the fact that blood alcohol concentrations generally peaked between one 
and two hours following a 0.8kg/body weight dose of alcohol (personal correspondence). 
Throughout the experimental period, breath ethanol levels were assessed every half hour 
using a hand-held breathalyser (Lion Alcometer SD-400).
Immediately after collection, the blood samples were centrifuged at 12,000 r.p.m. for 15 
minutes at 4°c to separate the serum. Each serum sample was than pipetted into five 
separate tubes. One of the tubes already contained 0.5ml sulphosalicylic acid (5% 
solution) to which 0.5ml of serum was added in preparation for the elecrochemical 
detection of serotonin, 5-HIAA, and AA. Another tube contained 300pl of 8.6% 
perchloric acid to which lOOpl of serum was added in order to precipitate the proteins 
ready for the ultra-violet detection of Kynurenine, Quinolinic Acid, 3 -Hydroxykynurenine, 
and 3-Hydroxyanthranilic Acid. 1ml of each sample was also ultrafiltrated using the 
Amicon Micropartition MPS-1 assembly (Amicon Ltd, Glos., UK) and deproteinised in 
preparation for free tryptophan analysis. All of the serum samples and the ultrafiltrates 
were then frozen at -75°c until needed for analysis.
Concentrations of urinary 5-HIAA, serum 5-HT, 5-HIAA, Anthranilic Acid (AA), 
Kynurenine (KYN), Quinolinic Acid (QA), 3-Hydroxykynurenine (3-HKYN) and 3- 
Hydroxyanthranilic Acid (3-HA) were determined by High Performance Liquid 
Chromatography (see Chapter Two for fiirther details about the precise methods used). 
Blood alcohol levels were measured using the Sigma Diagnostics Alcohol Procedure 
(further details of which are also provided in Chapter Two). Creatinine and cortisol 
concentrations were also measured using the Gilford Impact 400E analyser and the 
enzyme linked immunosorbent assay (ELISA) respectively.
Free serum and total serum tryptophan, serum amino acids, glucose, and non-esterified
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fetty acids concentrations were also determined using the standard procedures (Badawy 
and Evans, 1976). However, because the equipment and techniques for these procedures 
were not available at Roehampton Institute London, the serum samples and ultrafiltrates 
were sent for analysis to the Biomedical Research Laboratory, Whitchurch Hospital, 
Cardiff, and the University of Wales College of Medicine, Cardiff.
Statistical analysis of the results was performed using SPSS for Windows Release 6.0. 
Given the relatively small sample size and the fact that the number of biochemical 
measures varied for different comparisons it was decided not to use multivariate analysis, 
but Student t-tests for paired and independent sample groups and Spearmans Correlations 
for the non-parametric data.
6.3 RESULTS
6.3.1 Effects of Acute Ethanol Consumption on Blood and Breath Alcohol 
Concentrations.
Table 6.1 shows the mean blood and breath alcohol concentrations 1.5 hours and 2 hours 
afi;er consumption of the 0.8g/kg body weight dose of alcohol. The baseline values are not 
given since these were negligible. The table also does not contain any details of the blood 
and breath alcohol concentrations following consumption of the placebo drink since these 
were also negligible, and did not differ significantly over time.
Using the paired t-test, the increases in both the blood and breath alcohol concentrations 
following the ethanol intake at the two time periods were found to be statistically 
significant fi’om the mean base-line concentrations which were assessed immediately 
before the alcohol was imbibed. At 1.5 hours after the alcohol had been consumed, one 
subject felt faint, and was unable to give either a blood or breath sample. Consequently, 
differences between the mean base-line breath and blood alcohol concentrations and those 
at 1.5 hours are assessed using only 14 sets of samples.
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Table 6.1 Mean Blood and Breath Alcohol Concentrations (and Standard Deviations) Following An
Acute Dose of Alcohol
Blood Alcohol Concentrations 
(mg/dl)
Breath Alcohol concentrations 
(Hg/dl)
1.5 Hours After Alcohol Intake 
2 Hours after Alcohol Intake
86.36 (10.76) 
t = -26.08 n = 14 p < 0.05*
75.80(15.24) 
t =-16.48 n = 15 p < 0.05*
32.30 (4.00)
t=-30.43 n = 14 p < 0.05* 
28.20 (4.80)
t=-22.83 n = 15 p < 0.05*
Paired t-test results show the differences between the blood and breath alcohol concentrations at the 1.5 hour 
and 2 hour time intervals after the acute dose of alcohol compared with the baseline values. * p <0.05 (two- 
tailed)
6.3.2 Effects of Acute Ethanol Consumption on Free Serum and Total Serum 
Tryptophan Concentrations
Table 6.2 shows the mean free serum and total serum tryptophan concentrations (and 
standard deviations) at zero hours, 1.5 hours and 2 hours following consumption of both 
the active dose of alcohol and the placebo drink.
Prior to the administration of the alcohol, all of the 15 subjects gave sufficient amounts 
of blood which could be analysed for both free and total tryptophan. However, as 
previously mentioned, at the 1.5 hour sampling period following the acute dose of alcohol, 
one subject felt feint and was unable to give a blood sample at this time. In addition, two 
others were unable to give the necessary amounts of blood for ultrafiltration and free 
tryptophan analysis, although they did give sufficient blood for the total tryptophan 
analysis. At the two hour period, all of the subjects gave blood samples which could be 
analysed for total serum tryptophan concentrations, but again two failed to give sufficient 
blood for the analysis of free serum tryptophan.
The placebo drink was administered to only 13 of the 15 male subjects. Two subjects 
failed to return to the laboratory to participate in this part of the study. At zero-hours, two 
subjects feiled to provide sufficient blood for the analysis of free serum tryptophan; one 
of whom also failed to give enough for total tryptophan analysis. At 1.5 hours after the
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placebo drink, all 13 subjects gave blood samples for the analysis of total serum 
tryptophan, and 12 gave samples for the analysis of free serum tryptophan. At the 2 hour 
sampling period, however, 1 subject felt nauseous and was therefore asked not to give a 
blood sample; another was unable to produce sufficient blood for the analysis of free 
tryptophan. The remaining 12 subjects all gave samples which could be used for the 
analysis of both free and total serum tryptophan concentrations.
The 12 sets of repeated blood samples were statistically analysed using the paired t-tests 
for repeated samples to examine whether the acute dose of alcohol had any significant 
effects on the concentrations of free serum and total serum. The results of the t-tests are 
presented in Table 6.2. The conventional 5% level was used for statistical significance.
Table 6.2 Mean Concentrations (and Standard Deviations) of Free and Total Serum Tiyptophan
Time After 
Intake
Free Tryptophan 
(pg/ml) 
Alcohol Placebo
Total Tryptophan 
(pg/ml) 
Alcohol Placebo
Percentage Tryptophan 
(pg/ml) 
Alcohol Placebo
Base-Line 
0 Hours
1.06(0.39) 
t = -0.91 
p = 0.38 
df= 10
1.27(0.62) 14.53 (3.07) 
t = 1.39 
p = 0.19 
df= 11
13.50(1.74) 7.78(3.27) 
t = -0.94 
p = 0.37 
df= 10
9.40 (4.64)
1.5 Hours 0.83 (0.23) 
t = -2.71
p= 0.02 *
d f= 9
1.19(0.44) 11.49(2.34) 
t = -2.35 
p = 0.04* 
df= 11
13.35 (1.67) 7.70 (2.72) 
t = -1.12 
p = 0.29 
d f= 9
9.24(4.10)
2 Hours 1.03(0.45) 
t = -0.39  
p = 0.70 
d f= 9
1.12(0.34) 11.78 (1.96) 
t = -0.84 
p = 0.42 
df= 11
12.35 (2.30) 9.23 (4.42) 
t = 0.01 
p = 0.99 
n = 9
9.21 (2.92)
Paired t-test results show the differences between the tiyptophan concentrations before (and after) the acute 
dose of alcohol compared with the pre- (and post-) placebo concentrations. * p <0.05 (two-tailed) ** p <0.01
There were no significant differences between the two baseline concentrations of free 
tryptophan (t = -0.91,0.38, d.f = 10). There were also no significant differences in the two 
baseline concentrations of total serum tryptophan (t = 1.39, p = 0.19, d.f = 11). At 1.5 
hours after the alcohol intake, however, both the free and total tryptophan concentrations 
were found to be significantly lower than their corresponding concentrations after 
consumption of the placebo drink ( t = -2.71, p = 0.02, d.f = 9; t = -2.35, p = 0.04, d .f= 
11 respectively). At 2 hours after the acute dose of alcohol, although the mean free and
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total tryptophan concentrations were still lower compared with those following 
consumption of the placebo, the differences were no longer statistically significant (t = - 
0.39, p = 0.70, d.f = 9; t = -0.84, p = 0.42, d.f = 11).
The percentage of fi'ee serum tryptophan was not, however, found to be significantly 
altered following the acute ethanol challenge at either of the time periods (Table 6.2). 
Compared with the placebo values, there were also no significant changes in the mean 
concentrations of the non-esterified fatty acids, which are known to displace albumin- 
bound tryptophan, the serum glucose concentrations, or the concentrations of the 
physiological binder of tryptophan, albumin, at either of the time periods (Table 6.3).
Concentrations of cortisol, a hormone which is known to induce the tryptophan pyrrolase 
enzyme was, however, in comparison with the placebo values, found to be lower both 
prior to the administration of the alcohol and 1.5 hours after its intake (t = -2.10, p = 0.06 
d.f = 12; t = -1.92, p = 0.08, d.f = 10). The difference at the 1.5 hours reached borderline 
significance.
Table 6.3 Mean Concentrations (and Standard Deviations) o f NEFA’s, Albumin, Glucose and Cortisol
Time
After
Intake
NEFA  
(mmol/1) 
Alcohol Placebo
Albumin
(g/1)
Alcohol Placebo
Glucose 
(mg/dl) 
Alcohol Placebo
Cortisol 
(nmol/1) 
Alcohol Placebo
Base-Line 
0 Hours
0.78 
(0.25) 
t = 1.14
p = 0.28
d f = l l
0.70
(0.14)
49.88 
(2.70) 
t = 0.76 
p = 0.46 
d f = l l
49.27
(2.52)
114.58 
(13.30) 
t = 0.65 
p = 0.53 
d f = l l
111.92
(6.59)
241.02 
(83.71) 
t = -2.10
p = 0.06
df=12
326.94
(166.21)
1.5 Hours 0.67 
(0.23) 
t = -0.78 
p = 0.45 
df=10
0.74
(0.23)
51.33 
(3.43) 
t = -1.53
p = 0.16
df= 10
53.39
(2.56)
112.91 
(19.60) 
t = -0.79 
p = 0.45 
n =  10
118.55
(10.30)
124.31
(36.05)
t=-1.92
p = 0.08
df= 10
181.28
(98.64)
2 Hours 0.67 
(0.16) 
t = -0.34 
p = 0.74 
d f = l l
0.70
(023)
51.90 
(3.45) 
t = -0.03 
p = 0.98 
n =  10
51.95
(3.54)
109.67 
(9.76) 
t = -1.48 
p = 0.17 
d f = l l
114.75
(9.39)
172.75 
(78.12) 
t = -0.89 
p = 0.39 
n =  12
205.27
(126.58)
Paired t-test results show the pre- and post - alcohol NEFA, Albumin, Glucose and Cortisol concentrations 
compared with the pre- and post- placebo concentrations. * p < 0.05 (two-tailed) ** p <  0.01
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6.3.3 Effects of Acute Alcohol Consumption on Tryptohan Availability to the 
Brain
The concentrations of the five large neutral amino acids (leucine, isoleucine, valine, 
tyrosine and phenylalanine) known to compete with tryptophan for cerebral uptake, were 
measured in 14 sets of blood samples which were taken at zero-hours, 1.5 hours and 2 
hours following the acute dose of alcohol, and in 11 sets of samples taken both before and 
after consumption of the placebo. Table 6.4 shows the mean (and standard deviations) 
sum concentrations of the five competing amino acids at each of the three time periods, 
and the ratios between the total and fi’ee tryptophan concentrations and the sum of the five 
amino acids.
As shown in Table 6.4, no significant differences were found between the baseline mean 
sum concentrations of the five competing amino acids (LNAA). There were also no 
significant differences in the sum concentrations of the LNAA following consumption of 
the alcoholic drink in comparison with those following intake of the placebo drink.
Table 6.4 Mean Concentrations of the Five Competing Amino Acids and Tryptophan:Amino Acid
Time After 
Intake
Sum of five LNAA 
Competitor pmol/1 
Alcohol Placebo
Total Tryptophan:Sum of 
Five LNAA Ratio pmol/l 
Alcohol Placebo
Free Tryptophan: Sum of 
Five LNAA Ratio pmol/1 
Alcohol Placebo
Base-Line 
0 Hours
651.70 
(91.59) 
t=1 .26  
p = 024  
df= 9
613.20
(35.24)
0.11 
(0.03) 
t = 0.60 
p = 0.57 
df= 9
0.10 
(0.02) 
n =  11
0.008 
(0.004) 
t = -0.92 
p = 0.38 
df= 8
0.010
(0.004)
1.5 Hours 528.70 
(53.22) 
t = -0.11 
p = 0.91 
d f= 9
533.30
(97.14)
0.10
(0.02)
t=-2.19
p = 0.06
d f= 9
0.12
(0.02)
0.008 
(0.002) 
t = -2.52 
p = 0.04* 
n = 8
0.012
(0.004)
2 Hours 577.20 
(77.12) 
t = 1.61 
p = 0.14 
d f= 9
522.90
(58.44)
0.10 
(0.03) 
t = -1.32
p = 0.22
d f= 9
0.12
(0.03)
0.009 
(0.004) 
t = -0.56 
p = 0.59 
d f= 8
0.011
(0.004)
Paired t-test resu ts show the differences between the sum of the five LNAA and Tryptop laniAmino Aci
ratios before (and after) the acute dose of alcohol compared with the concentrations before (and after) the 
placebo drink. * p <0.05 (two-tailed) ** p <0.01.
125
As shown in Table 6.4, at 1.5 hours after consumption of the acute dose of alcohol, there 
was a marked reduction in the mean fi'ee and total tryptophan ratios compared with the 
ratio values following consumption of the placebo drink. The difference in the fi'ee 
tryptophan ratio at 1.5 hours achieved statistical significance (t = -2.52, p = 0.04, d.f = 8; 
t = -2.19, p = 0.06, d.f = 9). At 2 hours after the alcohol consumption, the mean ratio 
values were also found to be lower than those following consumption of the placebo 
drink, but the differences were no longer statistically significant (t = -1.32, p = 0.22, d.f 
= 9; t = -0.56, p = 0.59, d.f = 8 respectively).
6.3.4 Effects of Acute Alcohol on Serum 5-HT and Kynurenine-Nicotinic 
Metabolites
The concentrations of serum 5-HT, 5-HIAA, AA, QA, NA, Kyn, 3-HKyn, and 3-HA 
were measured in 14 sets of blood samples taken fi'om the 15 male subjects at zero-hours,
1.5 hours and 2 hours after consumption of the acute dose of alcohol; and in 12 sets of 
sanq)les taken from the subjects before and after administration of the placebo drink. The 
mean metabolite concentrations (and standard deviations) are presented in Table 6.5.
When the pre-and post alcohol metabolite concentrations were compared with the pre- 
and post-placebo concentrations using the paired t-test, no significant differences were 
found between the mean base-line concentrations or the metabolite concentrations at the 
2 hour time interval. (Table 6.5). However, at the 1.5 hour time interval, the 3-HA 
concentration following the acute dose of alcohol was found to be significantly higher than 
the 3-HA concentration following the placebo drink (t = 2.50; p = 0.03, df = 11). This 
was the only metabolite that seemed to have been significantly affected by the alcohol.
In an attempt to gain a clearer picture of the overall effects of acute alcohol consumption 
on tryptophan metabolism, the following sum concentrations were calculated: 5-HT + 5- 
HIAA and AA + QA + NA + Kyn + 3-HKYN + 3-HA. The ratios of the sum of 
metabolites from the serotonergic pathway to the sum of the metabolites from the 
kynurenine-nicotinic pathway were also calculted for each time period. The mean sum 
concentrations and ratios are presented in Table 6.6.
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T able 6.6 Mean Concentrations (and Standard Deviations) of tiie Sums of Metabolites From the
Time After 
Consumption
5-HT+5-HIAA
(gg/ml)
Alcohol Placebo
AA + QA + NA + KYN + 
3-HKYN+ 3-HA(pg/ml)
Alcohol Placebo
(5-HI+5-HIAA)/
(AA + Q A+NA + KYN 
+3-HKYN + 3-HA) 
Alcohol Placebo
Base-Line 
0 Hours
0.34 
(0.09) 
t = -1.10 
p = 0.29 
d f = l l
0.39
(0.16)
16.82 
(6.05) 
t = -0.76 
p = 0.46 
df= 11
18.66
(5.62)
0.02
(0.009)
1 = 0.30 
p = 0.77 
d f = l l
0.02
(0.009)
1.5 Hours 0.31 
(0.09) 
t = -2.01 
p = 0.07 
d f = l l
0.43
(0.18)
17.30
(6.69)
1 = 0.49 
p = 0.64 
d f = l l
15.84
(7.12)
0.02
(0.007)
1 = -2.15 
p = 0.05* 
d f = l l
0.03
(0.02)
2 Hours 0.42
(0.29)
1 = 0.35 
p = 0.73 
d f = l l
0.39
(0.12)
16.91
(4.33)
1 = 0.17 
p = 0.87 
d f = l l
16.45
(8.95)
0.03 
(0.02) 
l = -0.48 
p = 0.64 
d f = l l
0.03
(0.02)
Paired t-test results show the differences between the sum metabolite concentrations before (and aft^) the 
acute dose of alcohol compared with the concentrations before (and after) the placebo drink.
*p<0.05
A paired t-test using 12 pairs of samples showed that at the 1.5 hour time interval the 5- 
HT + 5-HIAA concentration was lower following consumption of the acute dose of 
alcohol than after consumption of the placebo drink (t = -2.01, p = 0.07, d.f = 11), with 
the difference achieving borderline significance. It was also found that at the 1.5 hour time 
interval following the ethanol challenge, the mean ratio value of (5-HT + 5-HIAA)/ (AA 
+ QA + NA + KYN +3-HKYN + 3-HA) was significantly smaller than the corresponding 
ratio at 1.5 hours after the placebo drink (t = -2.15, p = 0.05, df = ll).There were, 
however, no significant differences in the sum kynurenine-nicotinic metabolite 
concentrations at either the 1.5 hour or 2 hour time intervals (t = 0.49, p =0.64, d.f = 11; 
t = 0.17, p = 0.87, d.f = 11, respectively).
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6.3.5 Effects of Acute Alcohol on Urinary 5-HIAA
13 subjects gave urine samples following consumption of both the placebo drink and the 
acute dose of alcohol which could be analysed for 5-HIAA concentrations. However, after 
the acute dose of alcohol, two of the subjects failed to label their urine samples tubes 
correctly, and it was therefore impossible to differentiate between them. These samples 
were therefore excluded from the analysis.
The mean urinary 5-HIAA pmol/1 concentrations following the acute dose of alcohol and 
the placebo drink are shown in Table 6.7. Also presented in this table are the mean 
concentrations of 5-HIAA corrected for creatinine clearance (pmol/pmol creatinine).
The student paired t-test showed that there was no significant difference between the 
mean urinary 5-HIAA pmol/l concentrations which were excreted immediately before 
administration of the alcoholic and placebo drinks (t = -0.90, p = 0.39, df = 10). However, 
at 2 hours after the ethanol intake, the mean urinary 5-HIAA pmol/1 concentration was 
significantly lower in comparison with the metabolite concentration following 
consumption of the placebo drink (t=-2.30, p = 0.04, df = 10).
Table 6.7 Mean Urinary 5-HIAA Concentrations (and St. Deviations) Following Consumption of the
Acute Dose of Alcohol and Placebo Drink.
Time After Intake Urinary 5-HIAA (gmol/l) 
Alcohol Placebo
Urinary 5-HlAA (|lmol/|imol creatinine) 
Alcohol Placebo
Base-Line 41.82 (16.25) 
t = -0.90 
p = 0.39 
df= 10
48.90 (20.22) 0.03 (0.03) 
t = -0.61 
p = 0.55 
df = 10
0.04 (0.02)
2 Hours 30.69 (13.72)
t = -2.30 
p = 0.04* 
df= 10
51.86(30.89) 0.16(0.19) 
t = -1.58 
p = 0.15 
df= 10
0.42(0.71)
Paired t-test results show the differences between the 5-HIAA concentrations before (and after) the acute dose 
of alcohol compared with the pre- and post- placebo concentrations. * p < 0.05 (two-tailed) ** p < 0.01
When the data was corrected for creatinine clearance, the 5-HIAA pmol/pmol creatinine 
concentration following the acute dose of alcohol, was found to be lower but not 
significantly so in comparison with the metabolite concentration following consumption
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of the placebo drink (t=-1.58, p = 0.15, df = 10). This suggests that the significant 
difference in the uncorrected 5-HIAA urinary concentration at 2 hours may have been due 
to the concentration of urine.
6.3.6 Effects of An Acute Dose of Alcohol on Tryptophan and Serotonin 
Metabolism in Relation to Personality Differences
All 15 subjects completed the full 240-item TCI and the EPQ-R. However, because the 
previous study had raised concerns about the reliability and validity of some of the TCI 
scales and subscales (Chapter Five), only the data relating to the novelty seeking and harm 
avoidance scales from the TCI were scored and analysed. The EPQ-R was scored for 
extraversion, neuroticism, psychoticism and addiction. Table 6.8 shows the mean (and 
standard deviations) TCI and EPQ-R scale scores.
Table 6.8 Mean TCI Novelty Seeking and Haim Avoidance Scale Semes and EPQ-R Scores
SCALE MEAN (and Standard Deviation)
TCI
NSl 7.40(2.41)
NS2 5.93 (2.76)
NS3 6.60 (1.88)
NS4 6.53 (2.00)
Total NS 26.47 (6.45)
HAl 2.80 (1.90)
HA2 1.87 (1.46)
HA3 2.40(1.68)
HA4 1.87(2.33)
Total HA 8.93 (6.24)
EPQ-R
Extraversion 18.13(2.92)
Neuroticism 9.40(6.01)
Psychoticism 8.13(3.98)
Addiction 9.87 (4.75)
When the total novelty seeking and harm avoidance scores of the 15 subjects were 
compared with the normative data from a sample of 100 British males (as reported in 
Chapter 4), no statistically significant difference was found between the total harm 
avoidance scores (t = 1.48, p = 0.14). However, compared with the normative data, the
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subjects who participated in this present study were found to have significantly higher 
mean novelty seeking scores (z = -2.53, p = 0.013).
Given the fact that all of the personality data was obtained through questionnaires which 
assumed ordinal level of measurements, Spearman’s Rank Correlation analyses were used 
to assess the intercorrelations between the two TCI temperament scales and the four EPQ 
scales. As seen in Table 6.9, total novelty seeking was found to be significantly correlated 
with extraversion (r = 0.54, p <0.05); total harm avoidance was significantly correlated 
with both neuroticism (r = 0.65, p < 0.01) and addiction (r = 0.66, p < 0.01); and 
neuroticism was also found to be positively correlated with addiction (r = 0.99, p < 0.01).
Table 6.9 Spearman Rank Correlation Coefficents Between Cloninger’s TCI Temperament
Dimensions and Eysenck’s EPQ -R Scales (n = 15). *p< 0.05 **p<0.01
NS HA EPQ-E EPQ-N EPQ-P
HA 0.14
EPQ-E 0.54* -0.20
EPQ-N 0.23 0.65** 0.10
EPQ-P 0.33 0.40 0.09 0.28
EPQ-A 0.31 0.66 ** 0.21 0.94 ** 0.09
Spearman’s Rank Correlations were also used to examine whether the mean base-line 
concentrations of serum 5-HT, 5-HIAA and 5-HT + 5-HIAA (pg/ml) (calculated from 
the pre-alcohol and pre-placebo metabolite concentrations) were correlated with the 
various personality dimensions. Particular attention was focused on the total harm 
avoidance scale as it is believed to be modulated by the neurotransmitter serotonin 
(Cloninger, 1986). Given the small sample size, it was impossible to control for any 
physical factors such as weight and age that could have affected the metabolite 
concentrations.
As shown in Table 6.10, significant correlations were found between the total harm 
avoidance scores and both the mean serum 5-HT and 5-HT +5-HIAA concentrations (r 
= 0.62, p < 0.05; r = 0.64, p < 0.05 respectively). Psychoticism was also found to be 
positively correlated with 5-HT and 5-HT+5-HIAA. The two personality scales of harm 
avoidance and psychoticism were not however found to be significantly correlated.
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Table 6.10 Spearmans Correlations Between the TCI N ovell Seeking and Harm 
Avoidance Scale Scores and die EPQ-R Pasonahty Dimensions and the 
Mean Base-line 5-HT, 5-HIAA and 5-HT + 5-HIAA Concentrations 
(Hg/ml). * p < 0.05 two-tailed ** p < 0.01 two-tailed.
Base-Line Mean Serum Concentrations (N=13) 
5-HT 5-HIAA 5HT+5HIAA
NS 0.41 0.23 0.46
HA 0.62* 0.19 0.64*
EPQ-E 0.08 0.46 0.13
EPQ-N 0.19 0.36 0.20
EPQ-P 0.61* -0.05 0.57*
EPQ-A 0.13 0.35 0.23
In order to explore whether the personality structures of the individuals were related to 
the decreases in free and total serum tryptophan and serum 5-HT which were observed 
following the acute dose of alcohol, the percentage differences in the metabolite 
concentrations from the base-line values to the values at the 1.5 hour time interval were 
calculated. These were then correlated with the various personality scales using 
Spearman’s Correlation analyses, the results of which are presented in Table 6.11.
Table 6.11 Speannans Correlations Between the Personality Scales and die Percentage Differences in
Metabolite Crmcentrations From the Base-Line Values to the Concentrations at 1.5 Hours 
Following the Acute Dose of Alcohol. * p < 0.05 ** p < 0.01
% Change in 
Free Serum 
Tryptophan
% Change in 
Total Serum 
Tryptophan
% Change in 
Serum 5-HT
% Change in 
Serum
5-HT+5-HIAA
% Change in Serum 
AA+QA+NA+KYN 
+3-HKYN+3-HA
NS 0.30 0.03 0.12 0.01 0.14
HA 0.33 0.16 0.38 0.28 0.53*
EPQ-E 0.01 -0.02 0.16 0.13 0.23
EPQ-N -0.13 0.24 0.68** 0.62* 0.53*
EPQ-P 0.24 0.07 0.61* 0.54* 0.29
EPQ-A -0.18 0.15 0.68** 0.59* 0.54*
As can be seen from this set of results, the changes in the total metabolite concentrations 
from the kynurenine pathway were found to be significantly correlated with the total harm 
avoidance, neuroticism and addiction personality scales. Significant positive correlations 
were also found between the changes in the serum 5-HT and 5-HT + 5-HIAA 
concentrations and the personality traits of neuroticism, psychoticism and addiction. 
Despite the predictions, however, the harm avoidance scores of the subjects were not 
found to be not significantly correlated with either of these measures. There also appeared
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to be no significant correlations between the observed decreases in the fi'ee and total 
tryptophan concentrations and the various personality traits.
6.4 DISCUSSION
This study was undertaken to examine the effects of an acute dose of alcohol on 
tryptophan metabolism and disposition in relation to various personality traits. The initial 
results which focused on the effects of alcohol on serotonin and tryptophan metabolism 
were generally consistent with the reported findings of Badawy, Morgan, Thomas, Lovett 
(1988). They showed that acute alcohol consumption by healthy normal males was 
associated with a transitory reduction in serum free and total tryptophan concentrations. 
However, whereas the previous group of researchers showed that the decreases in free 
and total serum tryptophan were significant at two-and-a-half hours after the alcohol 
intake, the present study showed that the differences were only significant at one-and-a- 
half hours following consumption of the acute dose ethanol. As the same concentrations 
and volumes of alcohol were administered to the subjects in both studies, and the groups 
sizes were comparable, it was not clear why the time factor difference occured. The fact 
that different placebo drinks were used in the two studies was considered as one possible 
explanation. In the study undertaken by Badawy et al. (1988) the control subjects were 
asked to consume a placebo drink of (3ml orange juice + 1ml water) per kg body weight. 
In the present study, a repeated measures design was used, and for the placebo drink 
subjects were asked to consume 2.8ml of 95% ethanol mixed in 3ml/kg body weight 
chilled orange juice. The amount of alcohol administered to the subjects through the 
placebo drink was felt to be negligible. However, even though in previous studies placebo 
drinks of similar compositions had been administered to subjects (e.g., Schuckit, Gold, 
Risch, 1987), the differences in the two sets of results raised speculations as to whether 
even the small amounts of alcohol could have effected the tryptophan metabolism of the 
subjects.
Within the present study, it was also demonstrated that the acute dose of alcohol appeared 
to have no significant effects upon tryptophan binding to serum proteins, as expressed by
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the percentage free serum tryptophan. The concentrations of albumin, the physiological 
binder of tryptophan, also appeared to be uneffected by the alcohol intake as did the 
known displacers of albumin-bound tryptophan, the non-esterified fatty acids. According 
to Badawy and Evans (1983), decreases in circulating free and total tryptophan in the 
absence of altered trytophan binding to serum proteins are usually caused by an 
enhancement of tryptophan pyrrolase enzyme. The activity of the tryptophan pyrrolase 
enzyme itself is known to be enhanced by at least three major mechanisms: hormonal 
induction by glucocorticoids, substrate activation and stabilization by tryptophan and 
cofactor activation by haem (Badawy, Morgan, Thomas, Lovett, 1988). The results of the 
present study suggested that the possible enhancement in tryptophan pyrrolase activity 
was not substrate-mediated because of the absence of increased circulating concentrations 
of trytophan. Nor did the enhancement appear to be cortisol induced. Indeed, in 
comparison with the control concentrations at 1.5 hours after consumption of the 
alcoholic drink, the blood cortisol concentrations were found to be considerably lower. 
It was therefore concluded that cofactor activation by haem was the most possible 
explanation for the increased activity of the tryptophan pyrrolase enzyme, which was 
consistent with the previous findings of Badawy, Morgan, Thomas, Lovett (1988).
The transitory decreases in circulating free and total tryptohan concentrations that were 
observed following the alcohol intake, suggested that acute alcohol consumption may in 
fact decrease tryptophan availability to the brain. However, as stated earlier, cerebral 
tryptophan availability is not only affected by circulating levels of tryptophan, but on a 
number of factors, including the level of competition with the five large neutral amino 
acids (LNAA) for uptake into the brain. A useful predictor of tryptophan availability to 
the brain is therefore the ratio of the concentration of tryptophan to the sum concentration 
of the five LNAA. The findings of the present study showed that although the acute 
alcohol consumption by the healthy normal male volunteers did not cause any significant 
changes to the sum concentrations of the LNAA, it nevertheless temporarily reduced the 
ratio of tryptophan to the sum of the five LNAA. As stated in the introduction, Eriksson 
Magnusson, Carlsson, Hagman, Jagenburg (1983) had demonstrated that acute alcohol 
consumption by normal volunteers decreased the concentrations of tryptophan and most
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other amino acids. The results of this present study therefore only appeared to partially 
corroborated these earlier findings. They were nevertheless consistent with the reported 
findings of Badawy, Morgan Thomas and Lovett (1988) and provided further evidence 
to show that acute alcohol consumption in healthy normal humans decreases availability 
of tryptophan to the brain.
During the past two decades, a large number of studies have appeared showing that the 
rate of cerebral serotonin synthesis is dependent upon the availability of circulating 
tiyptophan to the brain (Femstrom, 1982). At 1.5 hours after the acute dose of alcohol, 
the serum concentration of 5-HT appeared to be slightly reduced in comparison with the 
control concentration, but the difference was not statistically significant. There were also 
no significant changes in the serum concentrations of 5-HIAA following the alcohol 
intake. A marked reduction in the sum serum concentration of 5-HT + 5-HIAA was 
however observed 1.5 hours after the alcohol ingestion, with the difference reaching 
borderline significance. Taken together, these results seem to suggest that acute alcohol 
consumption influenced serotonin synthesis, most probably as a result of its affects on 
circulating tryptophan concentrations. The urinary concentrations of 5-HIAA following 
the acute dose of alcohol did not, however, provide clear support for this this notion. For 
example,although the urinary 5-HIAA concentrations uncorrected for creatinine clearance 
was found to be significantly lower following the acute dose of alcohol compared with 
control concentration, when the data was corrected for creatinine clearance, the difference 
in the metabolite concentration was no longer significant. It was therefore speculated that 
the inital significant difference may have been influenced by the urine concentration. This 
finding thus raised further doubts about the reliability of using single urinary 
measurements as indices of central serotonin activity.
Serotonin has been implicated in the control of impulsive, aggressive, depressive, suicidal 
and violent behaviours (Soubrie, 1986), all of which are frequently associated with alcohol 
intoxication and dependence (Roy, Virkkunen, Linnoila, 1987; Ross, Glaser, Germanson, 
1988). The results of this study, enhanced the speculation of Badawy, Morgan, Thomas 
and Lovett (1988) that the decrease in circulating tryptophan and serotonin, brought
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about acute alcohol consumption, may be partially responsible for increasing vulnerability 
to such behaviours. The results were also consistent with the idea that acute alcohol intake 
itself may lead to an increase in preference and consumption by reducing tiyptophan 
availability to the brain and hence serotonin synthesis (Badawy, Morgan, Thomas and 
Lovett, 1988)
Despite the fact that the acute alcohol consumption seemed to reduce the circulating free 
and total tryptophan concentrations by enhancing the activity of the tryptophan pyrrolase 
enzyme, the only metabolite from the from the kynurenine-nicotinamide pathway that 
seemed to be significantly affected by the acute dose of alcohol was the serum 
concentrations of 3-Hydroxyanthranilic acid. At 1.5 hours after the alcohol intake, the 3- 
HA serum concentration was found to be significantly increased, due to the possible 
enhancement of tryptophan pyrrolase activity. However, no significant changes appeared 
to have been brought about by the acute dose of alcohol on the sum concentrations of the 
metabolites from this pathway (AA+QA+NA+Kyn+3-HKYN+3-HA). The results 
obtained from the observed changes in the metabolite concentrations from the kynurenine- 
nicodinamide pathway did not therefore produce convincing evidence in support of the 
enhanced tryptophan pyrrolase activity.
The results from the psychobiological aspects of this study need to be placed in 
perspective. Firstly, because of the nature of this study, only a limited number of subjects 
volunteered to participate in it, and it must therefore be regarded as purely exploratory. 
Secondly, the problems encountered in studying the relationships between brain 
biochemical activity and personality in healthy volunteers cannot be underestimated. Since 
it is impossible to directly study the actions of neurotransmitters in the human brain, 
indirect measures of neurotranmitters and/or their metabolites in cerebrospinal fiuid, 
blood or urine have to be used. However, as previously mentioned, it is not yet clear how 
accurately these indirect measures reflect brain levels. Furthermore, neurotransmitters and 
their metabolites in cerebrospinal fluid, blood and urine arise from many parts of the brain 
and body, and may not therefore reflect variation in specific regions of the brain which are 
believed to modulate certain personality traits.
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Despite these caveats, some interesting findings emerged from the study. Firstly, it was 
shown that novelty seeking was significantly correlated with extraversion and total harm 
avoidance was significantly correlated with both neuroticism and addiction. These results 
were consistent with Cloninger’s claim that the dimension of novelty seeking broadly 
measures phenotypic features similar to Eysenck’s extraversion, whereas harm avoidance 
assesses behavioural dispositions similar to neuroticism (Cloninger, 1986). Furthermore, 
the fact that both harm avoidance and neuroticism were found to be significantly 
correlated with the EPQ-R addiction scale was also consistent with the reported findings 
of Ogden, Dundas and Bhat (1988) who had demonstrated that the addiction measure was 
postively correlated with neuroticism.
Secondly, the fret that positive correlations were found between the harm avoidance scale 
scores and the mean base-line serum concentrations of 5-HT and 5-HT+5-HIAA appeared 
to reinforce Cloninger’s hypothesis that the personality dimension of harm avoidance is 
mediated by serotonergic transmission (Cloninger, 1986). Psychoticism was also found 
to be significantly correlated with the mean base-line serum concentrations of 5-HT and 
5-HT+5-HIAA. No significant correlations were, however, observed between the two 
personality traits of psychoticism and harm avoidance. The results therefore seemed to 
suggest that psychoticism may also be mediated by serotonergic activity. This 
consequently raised speculation as to the feasibility of developing a test for identifying 
individuals with a serotonergic deficit by combining in some way the two personality 
scales. This is clearly an area of reserch that needs urgent follow-up, because it could have 
serious clinical implications.
Thirdly, the results presented seemed to suggest that individuals with different personality 
structures experienced different biochemical reactions in response to an acute alcohol 
challenge. Although no significant correlations were found between the observed 
decreases in free and total tryptophan concentrations and the various personality traits, 
the percentage changes in the concentrations of the serotonin metabolite were found to 
be significantly correlated with scores on Eysenck’s neuroticism, psychoticism and 
addiction scales. The subjects with the lowest scores on these three personality measures
137
experienced greater decreases in 5-HT and 5-HT +5-HIAA following the acute dose of 
alcohol. In rodents, the development of tolerance has been shown to be accelerated by 
procedures that increase seronergic activity, whereas it is slowed by procedures that 
reduce serotonin effects (Khanna, Kalant, Le, LeBlanc, 1980; Melcoir and Tabakoff, 
1981). On the basis of the present set of results, it was therefore tempting to speculate 
that individuals who scored higher on the neuroticism, psychoticism and addiction scales 
on Eysenck’s EPQ-R may be more prone to developing increased tolerance to alcohol as 
a result of the effects of alcohol on serotonin turnover. As stated earlier, care must be 
taken not to overinterpret these results, particularly as they were derived from such small 
sample groups. Nevertheless, this hypothesis clearly needs to be substantiated by further 
research.
Contrary to expectations there were no significant correlations between the percentage 
changes in the concentrations of serum 5-HT and 5-HT +5-HIAA and the total harm 
avoidance scores. The percentage changes in the concentrations of AA+QA+ NA+KYN+ 
3-HKYN+3-HA were however found to be significantly correlated with scores on the 
total harm avoidance, neuroticism and addiction scales, suggesting greater enhancement 
of the tryptophan pyrrolase activity following the alcohol intake amongst individuals who 
scored higher on these measures. No clear explanations could be found as to why the 
tryptophan pyrrolase enzyme activity following the alcohol consumption should have been 
more enhanced in those individuals with higher harm avoidance scores, neuroticism scores 
and addiction scores, and it was therefore difficult to speculate about the implications of 
these findings. Taken all together, however, the psychobiological results were generally 
consistent with the hypothesis that individuals with different personality structures would 
experience different biochemical reactions in response to an acute alcohol challenge.
As this study representents a first attempt to examine the effects of an acute dose of 
alcohol on tryptophan metabolism in relation to personality traits, further research is 
obviously needed to establish the generalizabihty of the results to a much larger sample 
groups, women, divergent ethnic groups and individuals with extreme personality profiles. 
Since the late 1930’s it has been argued that alcoholism is not a homogenous disorder, but
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is composed of various subgroups for which the patterns of abuse, personality traits, 
neurophysiological characteristics and patterns of inheritance differ. Consequently, 
researchers have begun to use such factors to subdivide clinical populations of alcoholics 
into more homogenous subgroups in the hope that this would help them to identify 
specific biochemical and psychological factors which may mediate propensity towards the 
different subgroups of the disorder (e g Sullivan, Baenzinger, Wagner, Rauscher, 
Nurnberger, Holmes, 1990; von Knorring, Bohman, von Knorring, Oreland, 1985). 
Although by no means definitive, the results of the psychobiological aspects of this study 
also indicate that use of more homogenous groups may help to increase our understanding 
of the biochemical effects of alcohol, and may help to identify psychobiological factors 
which may mediate propensity towards different subtypes of alcoholism. Further studies 
focusing on the response of individuals with extreme personality profiles, particularly high 
and low harm avoiders, to an acute dose of alcohol are therefore warrented. It would also 
be interesting to examine whether non-abstinent alcoholics who fall into Cloninger’s Type 
1 or Type 2 categories (as detailed in Sections 1.1.2 & 1.3.7 of this thesis) experience 
different biochemical responses to an acute ethanol challenge.
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CHAPTER SEVEN 
DISCUSSION AND CONCLUSIONS
7.1 Overall Summaiy
The four studies which comprise this thesis were undertaken in an attempt to gain a 
greater understanding of the possible interrelationships between serotonin metabolism, 
certain personality traits particularly harm avoidance, and alcohol intake, abuse and 
dependence. The purpose of this particular section is to give a brief overall summary of 
the main findings from the four investigations before making some final conclusions and 
recommendations. It is important here to recognise that in order to understand how the 
four studies are related to one another the historical development of the thesis needs 
particular emphasis.
As discussed within the introductory chapter, throughout the past four decades, attention 
has been given to the possible role of the neurotransmitter serotonin in the regulation of 
alcohol preference, alcohol intake and the development alcoholism (e.g., Olson, Gursey, 
Vester, 1960; Murphy, Guze and King, 1962; Banki, 1978; Badawy, 1988; Badawy, 
Morgan and Thomas, 1993; LeMarquand, Pihl and Benkelfat, 1994 a&b). The serotonin 
hypothesis of alcoholism purports that a hypothesised biochemical abnormality is 
genetically transmitted and, when expressed, results in a brain serotonin deficit. Such a 
deficit is then thought to be partially responsible for increasing alcohol preference, alcohol 
seeking behaviour, vulnerability to mood and anxiety disorders as well as impulsive and 
aggressive behaviour (e.g., Linnoila, Virkkunen, Scheinin, Rimon, Goodwin, 1983; 
Naranjo, Sellers, Lawrin, 1986; Badawy, 1993; LeMarquand, Phil, Benkelfat, 1994a).
Despite the fact that a relatively large body of evidence now exists suggesting that 
serotonin is involved in the regulation of alcohol intake and the etiology of alcohohsm, the 
fiinctional significance of serotonergic activity nevertheless remains to be fully seen. The 
overall aim of this thesis was to try to gain a greater understanding of the role of serotonin 
in the development and progression of drinking behaviours.
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The initial research proposal was strongly influenced by the findings of a pilot project, 
undertaken by two American researchers, Thompson and McMillen (1987). The results 
of their study provided support for the notion that alcoholism was associated with a 
serotonin metabolism deficit. The researchers showed, for example, that within a group 
of sixteen abstinent male alcoholics who were undergoing treatment at an Alcoholic 
Rehabilitation Centre, 87.5% could be identified as having a defective serotonin pathway 
on the basis of reduced urinary serotonin metabolite ratios. In comparison, only one 
subject of a control group of fourteen males, all of whom were described as either 
moderate or non-drinkers, was similarly identified as having reduced serotonergic 
fimctioning.
Study One of this present thesis was undertaken to try to replicate and expand upon the 
findings of Thompson and McMillen’s original study. Urine samples were collected from 
eleven male alcoholic patients who were undergoing treatment for alcoholism and 
seventeen male control subjects. Although similar procedures and methodologies were 
employed in both studies, the results of the present study did not support the findings of 
the earlier investigation. The urinary serotonin metabolite ratios were not, for example, 
found to be significantly decreased in the alcohohc subject and there was no evidence of 
serotoninergic dysfunctioning. In fact, in comparison with the control group, the 
alcoholics tended to excrete higher concentrations of serotonin metabolites, although 
these findings were not statistically significant. Doubts were therefore raised about the 
reliability of using serotonin metabolite ratios as screening markers for alcoholism.
As detailed in Chapter Three, various explanations were put forward to try and account 
for the discrepancies in the results of the two studies. Initially, the heterogeneity of the 
alcoholic groups was considered as a possible contributing factor. It was not known, for 
example, precisely how long the alcoholics in the former study had been abstinent; 
Thompson and McMillen simply described the alcoholics who participated in their study 
as being abstinent for at least two and a half weeks. In addition, because no screening test, 
such as the Michigan Alcoholism Screening Test (MAST: Selzer, 1971) was used in the
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present study, it was impossible to determine how well matched the two groups of 
alcoholic and controls were in terms of their quantity or frequency of drinking, or the 
severity of their dependency. Furthermore, since no liver functioning tests were performed 
in either of the studies, the extent to which any of the subjects could have in fact been 
suffering from hepatic damage was not precisely known. Criteria for acceptance into the 
present study simply required that the patients denied having any previous history of 
severe hepatic problems or mental disorders. It was, however, speculated that even mild 
liver damage could have affected circulating tryptophan and serotonin concentrations, and 
hence the results of the study, by influencing protein synthesis and the activity of the hver 
tryptophan pyrrolase enzyme, vriiich controls the main degradative pathway of tryptophan.
Through considering various other possible explanations for the significant differences in 
the two sets of results, an extensive literature search was undertaken. This search 
highlighted the work of another group of American researchers, led by Dr. C.R. 
Cloninger. Cloninger and his colleagues had proposed that alcoholics could be 
differentiated into two distinct subgroups. Type 1 (Late Onset) and Type 2 (Early Onset), 
on the basis of their clinical features, patterns of inheritance, age of onset and personality 
profiles (Bohman, Sigvardsson, Cloninger, 1981; Cloninger, Bohman, Sigvardsson, 1981; 
Cloninger, 1987a). The classification scheme emphasised the heterogeneity of alcoholism 
and underlined the importance of taking into consideration the different subgroups of 
alcoholics in clinical and biological research as well as treatment approaches. No such 
subtyping had been used in Study One, and it was therefore concluded that this was a 
major flaw in the overall design of the study. For instance, significant differences in 
serotonergic fimctioning between the alcoholic and control subjects could have been 
obscured as a result of the alcoholics being treated as a homogenous group. When the 
initial study of this thesis was near completion, evidence emerged suggesting that 
serotonergic dysfunctioning is more likely to be associated with Cloninger’s proposed 
Type 2 alcoholism than with his Type 1 subgroup (Buydens-Branchey, Branchey, 
Noumair, Lieber, 1989). This fiirther empasised the importance of distingishing between 
different subgroups of alcoholics in the search for biological or psychological markers.
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As part of his classification scheme of alcoholism, Cloninger (1987a) proposed that the 
personality dimensions of novelty seeking, harm avoidance and reward dependence, could 
be used to differentiate alcoholics into his two proposed subtypes. These three dimensions 
were hypothesised to reflect individual differences in brain systems modulating the 
activation, maintainance and inhibition of behavioural responses to alcohol and other 
environmental stimuli. The Type 1 alcoholic profile was defined by low novelty seeking, 
high reward dependence and high harm avoidance. Type 2 alcoholism was defined by high 
novelty seeking, low harm avoidance and low reward dependence. To measure these three 
dimensions, Cloninger developed the Tridimensional Personality Questionnaire (TPQ; 
Cloninger, 1987c). Despite the intuitive appeal of such a model, there was a lack of 
emperical data regarding the reliability of the TPQ for measuring the three personality 
traits within the British population. Before the questionnaire could be used as a reliable 
psychological tool for assisting in the subtyping of alcoholics, it first needed to be tested 
on a general British population. For this reason. Study Two of this thesis was undertaken. 
The TPQ was administered to a general population of 106 British males and 307 British 
females.
Although some of the results of Study Two were consistent with Cloninger’s own 
predictions and findings, other outcomes made the overall reliability of the TPQ 
questionable. An exploratory factor analysis, for example, using just the female data 
produced a three-factor solution as predicted, but a four-factor solution was produced 
from the male data. Doubts were therefore raised about discriminant validity of the 
questionnaire. Furthermore, the study also showed that although the harm avoidance scale 
was the most reliable of the three personality scales, with an internal consistency factor 
well within the acceptable range, the reward dependence scale and some of the novelty 
seeking subscales appeared to have poor reliabilities. It was suggested that certain 
refinements to these scales should be made in order to increase the overall internal 
consistency of the TPQ.
It was the intention of the research to follow-up Study Two by modifying the TPQ to 
ensure its reliability and validity within the British population. In the meantime Cloninger,
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with the support of his colleagues, had expanded his model of personality into a seven 
factor structure (Cloninger, Svrakic, Przybeck, 1993). Moreover, they had refined and 
incorporated the TPQ into a new questionnaire called the Temperament and Character 
Inventory (TCI: Cloninger, Przybeck, Svrakic and Wetzel, 1994). The seven factor model 
included four temperament dimensions - novelty seeking, harm avoidance, reward 
dependence and persistence (which had originally been thought to be a component of 
reward dependence, but had been found to be uncorrelated with other aspects of the 
dimensions (e.g.,Cloninger, Przybeck, Svrakic, 1991)), and three additional character 
dimensions - self-directedness, cooperativeness and self-transcendence. Copies of the TCI 
were therefore purchased, and another validation exercise - Study Three - was carried out 
within a British population. Due to time constraints, resource implications and the 
intention to limit future psychobiochemical investigations to male subjects only, it was 
decided that TCI would be administered to a general population of 100 British male 
subjects.
The results of Study Three, showed that with the exception of the reward dependence 
scale, the reliabilities of the remaining temperament and character dimensions were all 
found to be moderate to high. Harm avoidance was found to be the most reliable of the 
various scales, which was consistent with the TPQ validation. Moreover, it was found that 
the revised temperament scales from the TCI were more reliable than the original TPQ 
scales. This confirmed that the various alterations made by Cloninger and his colleagues 
had improved the internal consistency of the questionnaire for use amongst the British 
population as well as the American population. An exploratory factor analysis, however, 
failed to replicate the seven factor structure as predicted. Only six factors with eigen 
values greater than one were identified. Even when a seven factor structure was extracted, 
the factor loadings were not as expected. It was found, for instance, that harm avoidance, 
novelty seeking, self-transcendence, and co-operativeness subscales dominated the first 
four factors as expected, but no clear patterns emerged for the reward dependence, 
persistence or self-directedness scales. It was therefore concluded that although the study 
showed that the TCI appeared to be a fairly rehable psychometric tool for measuring the 
proposed personality traits of harm avoidance, novelty seeking and self-transcendence in
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a British population, revisions needed to be made to increase the internal consistencies of 
the reward dependence, persistence, co-operativeness and self-directedness scales by 
removing and/or altering some of the questions with extreme response frequencies, as well 
as by increasing the number of items on some of the subscales.
As stated earlier, within his general theory of personality Cloninger (1986) proposed that 
harm avoidance may reflect variation in the behavioural inhibition system of the brain, for 
which serotonin is believed to be the principle modulator. Serotonin has been increasingly 
implicated in the control of alcohol intake, abuse and dependence. Consequently, 
Cloninger’s proposed neurobiological model provided new insights into the possible role 
of serotonin in the etiology of alcoholism through its influence on personality. 
Consequently, a number of speculations were made about a possible three way interaction 
between serotonin metabolism, certain personality traits such as harm avoidance, and the 
the effects of alcohol and development of alcoholism. Study Four was therefore 
conducted, firstly to examine the effects of an acute dose of alcohol on tryptophan and 
serotonin metabolism by healthy normal subjects, and secondly to test whether the 
personality structures of the individuals had influence upon the neurochemical changes 
brought about by acute alcohol intake. For this latter purpose, attention was focused 
particularly on the serotonin modulated trait of harm avoidance as defined by Cloninger 
(1986) and measured by the TCI (Cloninger, Przybeck, Svrakic and Wetzel, 1994).
Specific details of this study have been documented in Chapter Six of this thesis. Here, it 
is sufficient to note that the results of the study firstly confirmed previous reported 
findings that acute alcohol consumption by fasting normal male subjects temporarily 
decreased circulating concentrations of free and total tryptophan, possibly as a result of 
enhanced tryptophan pyrrolase activity. Secondly, the results seemed to suggest that acute 
alcohol consumption significantly decreased availability of tryptophan to the brain. 
Furthermore, at one-and-a-half hours after the acute alcohol consumption, a decrease was 
observed in the sum concentrations of serum 5-HT+5-HIAA which reached marginal 
statistical significance. It was therefore concluded that the results of the study reinforced 
the speculation that decreases in circulating tryptophan and serotonin, brought about by
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an acute dose of alcohol, may be partially responsible for increasing vulnerability to 
impulsive, aggressive, depressive and violent behaviours which are often associated with 
intoxication (Badawy, Morgan, Thomas and Lovett, 1988).
Thirdly, the study showed that the mean base-line concentrations of serum serotonin and 
5-HT+5-H1AA were significantly correlated with both the total harm avoidance scores of 
the subjects as measured by the TCI and the EPQ-R psychoticism scores. Although based 
on very small sample group, this initial finding was consistent with Cloninger’s prediction 
that the harm avoidance personality dimension is modulated by the neurotransmitter 
serotonin. The fact that psychoticism was also found to be positively correlated with 
serotonin concentrations was an unexpected finding. It nevertheless seemed to suggest 
that this particular dimension of personality may also be mediated in part by serotonergic 
activity. Consequently, this raised speculation as to the feasibility of combining the two 
personality scales to produce an effective clinical tool for identifying individuals with a 
serotonin deficit. Fourthly, the results appeared to indicate that individuals with differing 
personality structures experienced different biochemical reactions to the acute dose of 
alcohol. These latter findings were, however, by no means definitive; the sample size was 
small, and it was impossible to control for any physical factors such as weight and age that 
might have affected the metabolite concentrations. Nevertheless, positive correlations 
were found between the percentage changes in 5-HT and 5-HT+5-HIAA and scores on 
the neuroticism, psychoticism and addiction scales of the EPQ-R Contrary to expectation, 
there was no significant correlation between the harm avoidant scores and the effects of 
alcohol on serotonin metabolism. The results however suggested that following an acute 
dose of alcohol individuals with high harm avoidance, neuroticism and addiction appeared 
to experience greater enhancement of the tryptophan pyrrolase enzyme activity. Further 
studies, using much larger sample groups, are needed to try and replicate these 
exploratory findings.
It was hoped that as part of the thesis one further study could have been carried out to 
study the effects of tryptophan enhancement and depletion in a group of abstinent problem 
drinkers using amino acid mixtures that were either tryptophan free or tryptophan
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supplemented. The purpose of this investigation would have been two-fold: (1) to further 
examine whether the serotonergic déficiences purported to be associated with alcohol 
dependence are more typical of early onset. Type 2, alcoholics than of late onset. Type 
1, problem drinkers (as defined by Cloninger, 1987); (2) to establish whether there is a 
relationship between serotonergic activity and the personality trait of harm avoidance. 
Approximately twenty Type 1 detoxified male problem drinkers and twenty Type 2 
detoxified male problem drinkers, all of whom fulfill the DSM-IV criteria for dependence, 
would have been asked to participate in the study. Unfortunately, accessing sufficient 
numbers of patients and gaining ethical approval for such a study from hospitals within 
the South Thames Regional Health Authority proved impossible within the time 
restrictions for completion of this thesis. The study did not, therefore, happen. It is 
however recognised that this is an important area for immediate follow up research.
7.2 Methodological Considerations.
All four of the studies which were undertaken as part of this research project had a 
number of methodological limitations that must be considered when evaluating their 
strengths and weaknesses. The first study, for example, was based on a very small group 
of alcoholic patients, eleven in total. Roehampton Institute London, where the researcher 
was based, is a non-medical institution. Consequently, gaining access to large populations 
of alcoholic patients, and obtaining ethical approval for the required biochemical tests 
proved to be extremely difficult. Even when access and ethical approval were granted, 
compliance within the alcoholic population was low. Several of the patients who were 
asked to participate in the study refiased. It seemed that some of them felt that their 
treatment might be in jeopardy if traces of alcohol or other drugs could be found in their 
urine samples, and despite the fact that reassurance was given to confirm that the samples 
were only to be analysed for their serotonergic content, several of the patients remained 
very sceptical, and refused to comply with the investigation. Others patients voluntarily 
left the treatment centres during the course of the study to resume to their ‘old’ drinking 
habits. Furthermore, because of the knovm interactions between serotonin metabolism and
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various hormone levels (Brien, 1996), any alcoholic women who entered the treatment 
centres could not be used within the study. The study was therefore entirely dependent 
on the number of admittances of males patients to the treatment centres.
Another difficulty which the researcher faced in both Studies One and Four was the fact 
that non-invasive analytical procedures had to be used to measure central serotonergic 
activity. As mentioned in Chapter One, because of obvious ethical and practical reasons, 
the determination of concentrations of brain serotonin, tryptophan and 5-HIAA in humans 
can only be achieved through indirect means such as the measurement of metabolite 
concentrations in cerebrospinal fluid, blood and urine. Such measurements provide only 
an index of central tryptophan and serotonin activity. They are also limited by lack of 
anatomical specificity. As a result it is difficult to determine how much of the metabolite 
concentrations are derived from the central nervous system and how much are from 
peripheral sources (Kuhn, 1986). Furthermore, as lumber CSF tests are quite cumbersome 
to conduct and require a fairly intrusive and complicated procedure, the treatment centres 
and institutions where the research was undertaken insisted that only urinary and blood 
measurements of serotonergic fimctioning could be used.
In Studies Two and Three, the sample sizes were again fairly limited because of time 
restraints and cost of producing the questionnaires. This was particularly the case in the 
Study Three concerning the validation of the TCI. In this study, it was decided only to 
validate the questionnaire on males because this was the client group to whom the 
questionnaire would be administered to as part of the final investigation of this thesis. 
Again, it is recognised that much larger subject populations would have strengthened the 
results of the studies.
In the final investigation. Study Four, the number of subjects who participated was again 
feirly small. However, because the study was based on a repeated-measures design, and 
a vast amount of data was obtained from each subject, the sample size was not considered 
to be as problematic as it had been in Study One for example. In fact, the sample size of 
fifteen seemed to compare favourably with other published and refereed studied (e.g., 
Borg, Kvande, Sedvall, 1983; Buydens-Branchey, Branchy, Womer, Zucker, 
Aramsombatdee, Lieber, 1988). Poor compliance was nevertheless unexpectedly
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encountered within the subject group. Two individuals failed to return to participate in the 
second test phase in which they were to receive the placebo drink, even though they had 
signed consent forms to say that the procedures of the study had been fully explained to 
them. Another subject felt nauseous after consuming the alcoholic drink, and so at the 
one-and-a-half hour testing interval he was unable to give a blood sample. In addition, 
because Becton Dickinson vacutainer tubes were used to extract the blood samples rather 
than vein needles attached to a heparin lock, taking multiple blood samples at times 
proved difficult and on a couple of occasions insufficient volumes of blood for all the 
required analysis were withdrawn. In future studies of this kind, it is recommended that 
an 18-gauge scalp-vein needle is inserted in an antecubital vein and attached to a heparin 
lock to allow for ease of drawing blood.
Finally, because of the vast range of tryptophan and serotonin metabolites which were 
measured as part of this study, considerable time was spent analysing the urine and serum 
samples. Great care and attention therefore had to be given to the working environment 
within the laboratory to ensure that things such as the room temperature remained fairly 
constant and did not confound the results of the analyses.
The results from the four studies presented in this thesis must be interpreted in the light 
of these methodological considerations. Furthermore, while friture research requirements 
have been highlighted, it needs to be pointed out here, that the difficulty of such research 
programmes should not be underestimated. However, the proposals indicate areas of 
research that can contribute to a greater understanding of the role of serotonin and 
personality traits in the control of alcohol intake, abuse and dependence.
7.3 Summary of Main Findings in Relation to the Specific Objectives of the 
Thesis and Recommendations for Future Research.
7.3.1 Main Findings of Study One - The Urinary Excretion of Tryptophan & 
Tryptophan Metabolites in Abstinent Alcoholics.
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In contrast to the predicted hypothesis, the alcoholic patients who participated in this 
study showed no serotonergic deficit as indicated by reduced serotonin metabolite ratios. 
Although the results were not significant, the evidence obtained tended to suggest that the 
alcoholics actually had higher urinary concentrations of serotonin metabolites in 
comparison with a control group. These findings therefore led to the conclusion that a 
serotonergic deficit may not be universal among alcoholics. Secondly, the study failed to 
support the suggestion that the serotonin metabolite ratios, of 5-hydroxy indoleacetic acid 
: indoleacetic add (5-HIAA : lAA) and 5-hydroxy indoleacetic acid : anthranilic acid (5- 
HIAA : AA) could be used as reliable screening tools for distinguishing between alcoholics 
and non-alcoholics. Moreover, the results indicated that extreme caution should be 
exercised when interpreting studies which have used single void urinary measurements of 
just one or two serotonin and tryptophan metabolite levels as indices of central serotonin 
activity. In addition, the importance of taking into consideration the heterogeneity of 
alcoholics in all studies relating to the aetiology and developmental process of the disorder 
was underlined. Optimal conditions for aetiological research particularly searching for 
genetic or biochemical markers require that the populations under study are as 
homogenous as possible. This maximizes the possibihty of identifying and characterising 
and factors that are present. It was suggested that some of the conflicting neurobiological 
results that have been produced in the past could possibly be due to the fact that 
alcoholics have not been subtyped appropriately.
7.3.2 Main Findings of Study Two - Cloninger*s Tridimensional Personality 
Questionnaire: Reliability in a British Sample
In relation to the specific objectives for the thesis it was concluded that the TPQ within 
the British population does, to some extent at least, measure the three personality 
dimensions of harm avoidance, novelty seeking and reward dependence. The harm 
avoidance scale in particular was found to be reasonably reliable and consistent. However, 
it was demonstrated that refinements to the some of the novelty seeking and reward 
dependence subscales were needed to ensure the overall reliability and consistency of the 
questionnaire. Until such alterations are made, it was recommended that caution should
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be exercised when using the TPQ within British populations. Consequently, in it’s present 
form, the TPQ does not seem suitable for use as a clinical tool for differentiating 
alcoholics into the proposed Type 1 and Type 2 subgroups.
7.3.3 Main Findings of Study Three - Reliability of the Temperament and 
Character Inventory in a Group of British Males.
The main findings of this third investigation, in which the validity of the Temperament and 
Character Inventory (TCI) was tested within a British male population, showed that the 
revisions that Cloninger and his colleagues made to the three temperament scales of 
novelty seeking, harm avoidance and reward dependence increased their reliabilities, even 
though the reliability coefficient for the reward dependence scale was still fairly low. The 
harm avoidance, self-transcendence and novelty seeking scales were, in fact, found to be 
the most reliable of the seven scales. The overall factor structure of the TCI was not, 
however, found to be congruent with the predicted seven-factor genotypic structure 
(Cloninger, Svrakic, Przybeck, 1993).
It was therefore concluded that whilst within a British population the TCI seems to 
adequately measure the three personality dimensions of harm avoidance, novelty seeking, 
self-transcendence it does not appear to measure reliably the other the components of the 
model. Until proven otherwise, the overall validity of the TCI amongst a British 
population is therefore questionable.
7.3.4 Main Findings of Study Four - The Effects of an Acute Dose of Alcohol on 
Tryptophan Metabolism and Disposition in Relation to Personality Traits.
This final investigation showed that acute ethanol consumption by fasting normal male 
subjects temporarily decreased concentrations of free and total tryptophan. As the alcohol 
did not affect the binding of tryptophan to albumin it was suggested that the decrease in 
circulating tryptophan resulted from a possible enhancement of the liver tryptophan
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pyrrolase activity. The study also showed that the availability of tryptophan to the brain, 
as determined from the ratios of concentrations of tryptophan to the sum of the five other 
competing large neutral amino acids (leucine, isoleucine, valine, tryosine and 
phenylalanine) were temporarily decreased by acute ethanol consumption. These findings 
were consistent with those of Badawy, Morgan, Bradley, Thomas and Lovett (1988), and 
confirmed that acute ethanol consumption may inhibit human cerebral serotonin synthesis 
by decreasing tryptophan availability to the brain.
In relation to the overall objectives of the thesis, evidence was obtained from Study Four 
to show that there was a significant positive correlation between the harm avoidance scale 
scores as measured by the Temperament and Character Inventory and serum 5-HT 
concentrations. This finding was consistent vrith previous reported claims that 
serotonergic activity, in humans, as measured by cerebrospinal fluid concentrations of its 
metabolites, is lower in individuals who are low harm avoiders compared with those who 
are more harm avoidant (Brown, Goodwin, Ballenger, Goyer, Major, 1979; Banki and 
Arato, 1983; Linnoila, Virkkunen, Scheinin, Nuutila, Dimon, Goodwin, 1983). 
Psychoticism as measured by the EPQ-R was also found to be correlated with both serum 
5-HT and 5-HT+5-HIAA concentrations. However, no significant correlation was found 
between the two personality traits of psychoticism or harm avoidance. This suggests that 
they were not measuring the same phenotypical features. Nevertheless, it appeared that 
psychoticism may also, to some extent be modulated by the neurotransmitter serotonin. 
It was therefore recommended that future investigations should be pursued with urgency 
to test the feasibility of combining the two scales and using them as a clinical tool for 
identifying individuals with a serotonin deficit, as serotonergic hypoactivity has been 
purported to be associated with a range of behavioural and psychological disorders. 
Moreover, the study also provided some preliminary evidence to suggest that individuals 
with different personality traits experienced different biochemical reactions following an 
acute intake of alcohol. Those who scored higher on the neuroticism, psychoticism and 
addiction scales of the EPQ-R were found to experience greater changes in serum 5-HT 
and 5-HT+5-HIAA concentrations following an acute dose of alcohol, than those who 
scored lower on these scales. As increases in serotonin have been linked with behavioural
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tolerance to alcohol, it was speculated that individuals who score highly on these three 
particular scales may be more likely to become tolerant to the psychological effects of 
alcohol. No significant changes in tryptophan metabolism along the serotonergic pathway 
following the alcohol intake were associated with the personality traits of harm avoidance 
or novelty seeking. It was, however, found that higher harm avoidant individuals, as well 
as those who scored higher on the EPQ-R addiction and neuroticism scales, appeared to 
experience greater enhancement of tryptophan pyrrolase activity following the acute 
alcohol intake as indicated by increased sum concentrations of kynerenine metabolites.
7.4 Conclusion
Therefore in conclusion, several key observations have been made. This final section will 
use these observations to draw the thesis to its conclusion. In this way, the findings and 
discussion of the research can point to the benefits not only in treating those with an 
alcohol dépendance, but also in developing preventative measures for individuals at risk.
Within this thesis the observation has been made that although considerable research 
within many different disciplines has been undertaken to try and determine the main causes 
of alcohol abuse and dependence, no single factor has yet been identified. Indeed, it has 
been argued that because alcoholism is developmentally and progressively complex, it is 
much more likely to be attributable to an intricate interaction among many factors. 
Traditionally, however, it seems that investigators who have advocated a particular 
etiological model of alcoholism - psychosocial, psychoanalytic, behavioural learning, or 
biomedical - have tended to question or ignore the findings of investigators in other fields. 
As a result, they have failed to recognise the compatibility or complementary relationships 
of biological, psychological and sociocultural factors. Much more inter-disciplinary 
research, such as has been undertaken in the final investigation of this thesis, is therefore 
clearly needed in order to determine how the various risk factors might interact together 
to influence susceptibility to alcohol dependence.
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In addition it has been seen that there is extensive evidence to suggest that a deficit in 
serotonin neurotransmission may play an important role in determining a person’s 
preference for alcohol, and increasing his/her vulnerability to alcohol abuse and 
dependence. The need to identify more reliable markers for possible serotonin deficiency 
was therefore highlighted. The thesis failed, however, to support the suggestion that 
reduced urinary serotonin metabolite ratios can be used as reliable screening markers for 
alcoholism. The importance of classifying alcoholics into homogenous subgroups in the 
search for biological/psychological markers was emphasised.
The development and expression of alcoholism in relation to personality was observed as 
a topic of much interest. Cloninger’s neurobiological theory of personality and its role in 
the development of alcoholism seemed to provide some useful insights into how serotonin, 
though its influence on behaviour, may affect the control of alcohol intake, abuse and 
dependence (Cloninger, 1986; Cloninger, 1987b; Cloninger, Svrakic, Przybeck, 1993). 
Within his theory of personality, Cloninger suggested that variations in serotonin, the 
principle modulator of the behavioural inhibition system of the brain, may reflect 
individual differences in harm avoidant behaviour (Cloninger, 1986). Evidence obtained 
from this thesis was indeed consistent with this hypothesis. A positive correlation of serum 
serotonin concentrations and harm avoidant scores was observed. The thesis raised 
concerns, however, about the overall validities of both the TPQ and TCI as useful 
psychometric tools.
Individuals with low brain serotonin activity are likely to be low harm avoiders, 
characterised as being confident, relaxed, optimistic, uninhibited carefree and energetic. 
When the serotonergic hypothesis of alcoholism and the Cloninger’s model of personality 
are combined, it can be seen that some individuals may be more susceptible to alcohol 
abuse due to their underestimation of the risks involved and the lack of “fear” of the 
consequences of excessive drinking. Alternatively, because low harm avoiders are 
typically confident, carefree, and uninhibited may be more likely to put themselves into 
more social situations where alcohol is available. The thesis therefore concludes that some 
individuals may be more susceptible to alcohol abuse as a consequence of the influence
154
of serotonin on certain personality traits and behaviours. Longitudinal studies that directly 
consider the involvement of both harm avoidant behaviour and serotonergic fimctioning 
in the same subjects are clearly needed to test the plausibility of this theory.
It was also seen that alcohol itself affects serotonin metabolism, and it is concluded that 
these affects in turn may increase vulnerability to alcohol abuse. The final investigation of 
this thesis demonstrated that acute alcohol consumption by healthy normal male subjects 
temporarily decreased tryptophan availability to the brain. Serotonin synthesis also seemed 
to be affected, although the changes in serum serotonin concentrations following the 
alcohol intake did not reach statistical significance. As defective central serotonergic 
fimctioning has been increasingly implicated in human alcohol drinking behaviour and 
alcohol preference, it seems possible therefore that alcohol consumption, may by inducing 
a central serotonergic deficiency, lead to an increase in its own preference and hence 
consumption. Furthermore, it is tempting to speculate that if alcohol preference is directly 
correlated with the level of central serotonergic activity, then individuals with a 
predisposition to low serotonergic fimctioning may be more susceptible to the ‘serotonin- 
induced-reinforcing’ effects of alcohol. This could partially explain why some alcoholics, 
particularly those with low harm avoidant behaviour, have a tendency to exhibit an 
inability to abstain.
Research observations within this thesis also provided some preliminary evidence to 
suggest that individuals with different personality traits experienced different biochemical 
reactions following an acute intake of alcohol. These alcohol induced affects may also 
increase susceptibility to dependency. For example, it was found that individuals who 
scored more highly on the neuroticism, addiction, and psychoticism scales of the EPQ-R 
experience greater increases in serum serotonin concentrations following an acute dose 
of alcohol. Increases in serotonin have been linked with behavioural tolerance to alcohol. 
It was therefore, concluded that certain individuals may become tolerant to the 
psychological effects of alcohol, as a result of the affects that alcohol has on tryptophan 
and serotonin metabolism.
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Finally, by focussing on the possible interactions between serotonin metabolism, certain 
personality traits particularly harm avoidance, and alcohol intake abuse and dependence, 
this thesis has highlighted a number of areas to which future experimental attention should 
be directed. These studies should be undertaken a matter of urgency for they may help to 
identify individuals who are at risk from developing alcoholism. However, even if a person 
is born with a psychobiological susceptibihty to alcohol abuse, it does not necessarily 
mean that he/she will inevitably develop alcohol dependence. Education can be provided 
to help individuals recognise any risk that they may have, thus enabling them to make 
informed decisions about their drinking behaviours. Linking personality factors with 
underlying neural mechanisms also has major implications for treatment approaches within 
the alcohol field. Individuals with diminished serotonergic functioning may respond to 
treatment better if they are offered a combination of drug therapy to enhance their 
serotonin activity as well as behavioural counselling.
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APPENDIX n
TRIDIMENSIONAL PERSONALITY QUESTIONNAIRE (TPQ)
AND SCORING KEY
Version 4 - Revised 10-26-87
TPQ
In t h i s  booklet  you wi l l  f ind s ta tements  people might use t o  desc r ibe  
t h e i r  a t t i t u d e s ,  op in io n s ,  i n t e r e s t s ,  and o the r  personal f e e l i n g s .
Each s ta tement can be answered TRUE or FALSE. Read th e  s ta tement  and 
decide which choice b ^ t _ d e s c r i bes you.
We would l i k e  you to  f i l l  out t h i s  q u e s t io n n a i r e  on your own using a 
p e n c i l .  When you are  f i n i s h e d ,  p lease  r e tu rn  th e  q u e s t i o n n a i r e .
»
HOW TO FILL OUT THIS QUESTIONNAIRE
To answer you only need to  c i r c l e  e i t h e r  "T" or "F" a f t e r  each 
q u e s t io n .  Here i s  an example:
EXAMPLE m iE  FALSE
I unders tand how t o  f i l l  out t h i s  q u e s t i o n n a i r e .  . . .  ®  F
( I f  you unders tand how to  f i l l  out t h i s  q u e s t i o n n a i r e ,  c i r c l e  "T" to  show t h a t  
th e  s ta tement i s  TRUE.)
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Read each s ta tement c a r e f u l l y ,  but d o n ' t  spend too much t ime deciding on 
th e  answer.
P lease  answer every s ta tem en t ,  even i f  you a re  not completely sure of  the  
answer.
Remember t h e r e  a re  no r ig h t  or wrong answers — j u s t  de sc r ib e  your own 
personal opinions and f e e l i n g s .
Copyright ©  1987, by C. R. Cloninger
Pr in t  Your N a m e : ______________________________A ge_____________ 0 . 0 . B. / ______/
Race: Black  W h i t e _____ H i s p a n i c _____ O t h e r _______________________ Sex M
Doctor Date
P a g e  1 TPQ
1. I u sua l ly  am conf iden t  t h a t  every th ing  will  go w e l l .
even in s i t u a t i o n s  t h a t  worry most peop le ....................................
2. I o f ten  t r y  new th ings  j u s t  fo r  fun or  t h r i l l s ,  even
i f  most people th ink  i t  i s  a waste of t im e .................................
3. I l i k e  to  d i scu ss  my exper iences  and f e e l in g s  openly 
with f r i e n d s  in s tead  of keeping them to  m yse l f .........................
4.  When nothing new i s  happening,  I u su a l ly  s t a r t  looking 
f o r  something t h a t  i s  t h r i l l i n g  or e x c i t i n g ...............................
5. Usually I am more worried than most people t h a t
something might go wrong in th e  f u t u r e ..........................................
6. I d o n ' t  mind d i scuss ing  my personal problems with
people whom I have known b r i e f l y  or s l i g h t l y .............................
7. I would l i k e  t o  have warm and c lo se  f r i e n d s  with me
most of th e  t i m e ..........................................................................................
8.  I near ly  always s tay  re laxed  and c a r e f r e e ,  even when
near ly  everyone e l s e  i s  f e a r f u l ..........................................................
9.  I u sua l ly  demand very good p r a c t i c a l  reasons before  I
am w i l l in g  t o  change my old ways of doing t h i n g s ....................
10. I often  have to  stop what I am doing because
I s t a r t  worrying about what might go wrong..................................
11. I ha te  to  change the  way I do t h i n g s ,  even i f  many
people t e l l  me t h e r e  i s  a new and b e t t e r  way t o  do i t .........
12. My f r ien d s  f ind  i t  hard to  know my f e e l i n g s  because I
seldom t e l l  them about my p r i v a t e  t h o u g h t s .................................
13. I l i k e  i t  when people can do whatever they want
without s t r i c t  ru le s  and r e g u l a t i o n s ...............................................
14. I o f ten  s top  what I am doing because I get  w orr ied ,
even when my f r i e n d s  t e l l  me every th ing  wi l l  go w e l l ............
15. I t  wouldn' t  bo ther  me to  be alone a l l  the  t i m e ..........................
16. I l i k e  t o  be very organized and s e t  up ru le s
fo r  people whenever I c an .......................................................................
17. I usua l ly  do th in g s  my own way — r a t h e r  than giv ing in
to  the  wishes of  o the r  peop le ..............................................................
TRUE FAl SE
P a g e  2
TRUE FALSE
18. I u sua l ly  fee l  tense  and worr ied when I have to  do 
something new and u n f a m i l i a r ................................................................  T
19. I o f ten  feel  tense  and worried in u n fa m i l ia r  
s i t u a t i o n s ,  even when o th e r s  feel  t h e r e  i s
l i t t l e  to  worry abou t ...............................................................................
20. Other people of ten  th ink  t h a t  I am too independent 
because I won't  do what they want...................................
21. Even when most people fee l  i t  i s  not im p o r tan t ,  I o f ten
i n s i s t  on th ings  being done in a s t r i c t  and o rde r ly
way....................................................................................................................
22. I o f ten  do th ings  based on how I fee l  a t  the  moment
without th in k in g  about how they  were done in the
p a s t ..................................................................................................................
23. I o f ten  fee l  tense  and worried  in u n fa m i l ia r  s i t u a t i o n s ,  
even when o th e r s  feel  t h e r e  i s  no danger a t  a l l .................. .
24. I o f ten  break ru le s  and re g u la t io n s  when I th ink  I can 
get away with i t .................................................................................
25. I d o n ' t  care  very much whether o the r  people l i k e  me or 
th e  way I do t h i n g s ............................................................................
26. I usua l ly  s t ay  calm and secure  in s i t u a t i o n s  t h a t  most 
people would find  p h y s ic a l ly  dangerous.................................
27. I fee l  i t  i s  more important to  be sympathetic  and
unders tanding of  o the r  people than to  be p r a c t i c a l  and 
tough-minded........................................ ..................................................
28. I lose  my temper more qu ick ly  than most people .
29. I am usu a l ly  conf iden t  t h a t  I can e a s i l y  do th ings  
t h a t  most people would cons ide r  dangerous (such as 
d r iv ing  an automobile f a s t  on a wet or icy  road) .
30. I o f ten  r e a c t  so s t ro n g ly  t o  unexpected news t h a t  I say 
or  do th in g s  t h a t  I r e g r e t ..............................................................
31. People f ind  i t  easy t o  come t o  me fo r  h e l p ,  sympathy, 
and warm und e rs tan d in g .................................................................. .
32. I am much more reserved and c o n t ro l l e d  than most people .
33. When I have t o  meet a group of s t r a n g e r s ,
I am more shy than most p eop le .......................................................
34. I am s t ro n g ly  moved by sen timenta l  appea ls
( l i k e  when asked to  help c r ipp led  c h i l d r e n ) ...............................  T
P a g e  3
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
I almost never get  so ex c i ted  t h a t  I lose  con tro l  of 
m y se l f ...................................................................................................
I have a r e p u ta t io n  as someone who i s  very p r a c t i c a l  
and does not ac t  on emotion.....................................................
I o f ten  avoid meeting s t r a n g e r s  because 
I lack conf idence with people I do not know.
I u su a l ly  s tay  away from soc ia l  s i t u a t i o n s  where I would 
have to  meet s t r a n g e r s ,  even i f  I am assured th a t  they 
wil l  be f r i e n d l y .......................................................................................
I u su a l ly  push myself  harder than most people do because 
I want to  do as well as I poss ib ly  can ......................................
I am slower than most people t o  get  exc i ted  about 
new ideas  and a c t i v i t i e s ................................. ...................
I o f ten  push myself  to  the  po in t  of exhaustion or t r y  
to  do more than I r e a l l y  can .....................................................
I would probably s tay  re laxed  and outgoing when 
meeting a group of s t r a n g e r s ,  even i f  I were t o l d  
they are  u n f r i e n d l y ................................................................
I t  i s  d i f f i c u l t  f o r  me to  keep the  same i n t e r e s t s  
f o r  a long t ime because my a t t e n t i o n  often  
s h i f t s  t o  something e l s e .....................................................
I t h in k  I would s tay  conf iden t  and re laxed when meeting 
s t r a n g e r s ,  even i f  I were to ld  they are  angry a t  me.
I could probably accomplish more than I do ,  but I 
d o n ' t  see the  po in t  in pushing myself  ha rder  than i s  
necessary  to  get  by.............................................................................
I l i k e  t o  th ink  about th ings  fo r  a long t ime before  I 
make a d e c i s i o n .................................................................................
Most of the  t ime I would p r e f e r  t o  do something a 
l i t t l e  r i sky  ( l i k e  r id in g  in a f a s t  automobile over 
s teep  h i l l s  and sharp t u rn s )  — ra th e r  than having to  
s t a y  q u ie t  and in a c t iv e  fo r  a few hours ............................. .
I o f ten  fo llow my i n s t i n c t s ,  hunches,  or i n t u i t i o n  
wi thout  th in k in g  through a l l  the  d e t a i l s .................... .
I t r y  t o  do as l i t t l e  work as p o s s i b l e ,  even when o th e r  
people expect more of  me.................................................................. .
TRUE
T
FAl SE
I o f ten  have to  change my dec is ions  because I had a wrong 
hunch or  mistaken f i r s t  im press ion .................................................
Most of  the  t ime I would p re f e r  t o  do something r i sk y  
( l i k e  h ang -g l id ing  o r  parachute  jumping) — r a t h e r  than 
having to  s tay  q u ie t  and in a c t iv e  fo r  a few h o u r s ..................  T
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52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66. 
67.
I am s a t i s f i e d  with my accomplishments,  and have 
l i t t l e  d e s i r e  t o  do b e t t e r ..............................................
I , s e e  no poin t in con t inu ing  to  work on something un le ss  
t h e r e  i s  a good chance of  s u cc e ss .................................................
I have l e s s  energy and get t i r e d  more quick ly  than most 
p e o p le ........................................ .................................................................
I u su a l ly  th ink  about a l l  the  f a c t s  in d e t a i l  before  
I make a d e c i s i o n .................................................................................
I near ly  always th ink  about a l l  the  f a c t s  in d e t a i l  
be fo re  I make a d e c i s i o n ,  even when o the r  people 
demand a quick d e c i s i o n ...........................................................
I o f ten  need naps or  e x t r a  r e s t  periods  because I get  
t i r e d  so e a s i l y .................................................................................
I d o n ' t  go out of my way to  p lease  o the r  people .
I am more e n e r g e t i c  and t i r e  l e s s  quick ly  than most 
p e o p le ......................................................................................................... .
I am usua l ly  ab le  t o  get  o th e r  people t o  be l iev e  me, 
even when I know t h a t  what I am saying i s  exaggerated 
or  u n t r u e ....................................................................................................
I f in d  i t  u p s e t t in g  when o the r  people d o n ' t  give me th e  
suppor t  t h a t  I expect  from them...................................................
TRUE
T
FA SE
I can u sua l ly  do a good job of s t r e t c h i n g  th e  t r u t h  
t o  t e l l  a fu n n ie r  s to r y  or t o  play a joke on someone............
I u su a l ly  can s t ay  "on the  go" a l l  day without
having to  push m yse l f ...............................................................................
I am usu a l ly  more upset  than most people by the  
lo s s  of  a c lo se  f r i e n d ..................................................... .
I have t r o u b l e  t e l l i n g  a l i e ,  even when i t  i s  meant to  
spare  someone e l s e ' s  f e e l i n g s .....................................................
I am b e t t e r  a t  saving money than most peop le .
Even a f t e r  t h e r e  a re  problems in a f r i e n d s h i p ,  
I n ea r ly  always t r y  t o  keep i t  going anyway.
68. I recover more slowly than most people from 
minor i l l n e s s e s  or  s t r e s s ......................................
P a g e  5
69. I need much e x t ra  r e s t ,  su p p o r t ,  or  reassurance  to  
recover  from minor i l l n e s s e s  or s t r e s s .  ....................................
70. I o f ten  spend money u n t i l  I run out of  cash or get  in to
debt from using too much c r e d i t ..........................................................
71. I seldom get upset  when I d o n ' t  rece ive  the  recogn i t ion
t h a t  I de se rv e ................................................................................... ..
72. Because I so o f ten  spend too much money on impulse ,  i t
i s  hard fo r  me to  save money - - e v e n  fo r  spec ia l  plans 
l i k e  a v a c a t io n ............................................................................................
73. I t  i s  extremely d i f f i c u l t  f o r  me t o  a d ju s t  t o  changes
in my usual way of  doing th ings  because I get  so
t e n s e ,  t i r e d ,  or  w orr i ed .........................................................................
74. I f  I am fe e l in g  u p s e t ,  I u su a l ly  fee l  b e t t e r
around f r i e n d s  than when l e f t  a lo n e .................................................
75. I u s u a l ly  feel  much more conf iden t  and e n e r g e t i c  than
most p eop le ,  even a f t e r  minor i l l n e s s e s  or  s t r e s s ..................
76. Some people th ink  I am too s t ingy  or  t i g h t  with my
money..................................................................................................................
77. I o f ten  keep t r y i n g  the  same th in g  over and over a g a in ,  
even when I have not had much success in a long t im e.  . . .
78. I t  i s  hard fo r  me to  enjoy spending money on myse l f ,
even when I have saved p len ty  of  money..........................................
79. I seldom l e t  myself  get  upset  or f r u s t r a t e d :  when
t h in g s  d o n ' t  work o u t ,  I simply move on t o
o th e r  a c t i v i t i e s ..........................................................................................
80.  I recover  more qu ick ly  than most people from minor
I l l n e s s e s  or s t r e s s ........................................ ...........................................
81. I ha te  t o  make d e c i s io n s  based only on my f i r s t
im p re s s io n s .....................................................................................................
82.  I t h in k  I wil l  have very good luck in the  f u t u r e ....................
83.  I am o f ten  moved deeply by a f i n e  speech or  p o e t r y ................
84. I f  I am embarassed or  h u m i l i a t e d ,  I get  over i t  very
q u i c k l y ..............................................................................................................
85.  I l i k e  old " t r i e d  and t ru e "  ways of  doing th in g s
much b e t t e r  than t r y i n g  "new and improved" ways.......................
TRUE FA SE
P a g e  6
86. I l i k e  t o  keep my problems to  mysel f .
87. I enjoy saving money more than spending i t  on 
en te r ta inm en t  or  t h r i l l s ............................................
88. Even when I am with f r i e n d s ,  I p r e f e r  not t o  "open up" 
very much................................................................................................
89. I fee l  very conf iden t  and sure  o f  myself in almost 
a l l  soc ia l  s i t u a t i o n s ..............................................................
90. I u su a l ly  l i k e  t o  s tay  cool and detached from o the r  
peop le ............................................................................................ ....
92. I am more hard-working than most people.
93. In conversa t ions  I am much b e t t e r  as a l i s t e n e r  than as 
a t a l k e r ..............................................................................................
94. I l i k e  t o  p lease  o th e r  people as much as I can.
TRUE
T
FA SE
91. I never worry about t e r r i b l e  t h in g s  t h a t  might happen 
in th e  f u t u r e ......................................................................................
95. Regardless  of any temporary problem t h a t  I
have t o  overcome, I always th ink  i t  will  tu rn  out w e l l . . . .
96. I l i k e  t o  s tay  a t  home b e t t e r  than to  t r a v e l  or
exp lore  new p l a c e s .......................................... ...........................................
97. I am usu a l ly  so determined t h a t  I continue t o  work 
long a f t e r  o the r  people have given up ...........................
98. I u su a l ly  have good luck in whatever I t r y  t o  do.
99. I l i k e  t o  pay c lo se  a t t e n t i o n  t o  d e t a i l s  in every th ing  
I do ....................................................................................................................
100. I t  i s  easy fo r  me t o  organize  my thoughts  while  t a l k i n g
t o  someone.......................................................................................................  T
Revised 2/1 /88
TPQ Scoring Key
For a ll  s c a l e s ,  p o s i t i v e l y  scored items are  not under l ined  (a = 1, b = 0) and 
nega t ive ly  scored items are  under l ined  (a = 0,  b = I ) .
Novelty Seeking Subscales
NSl Explora tory  e x c i t a b i l i t y  vs s t o i c  r i g i d i t y  (9 i t em s) :
2, 4,  2 '  I L '  40. 43,  93, ^
NS2 Impulsiveness vs R ef lec t io n  (8 i t em s) :
30,  48, 50, ^
NS3 Extravagance vs Reserve (7 i t ems) :
^  6 ± , 70, 72,  76,  78, S7_
NS4 D is o rd e r l in e s s  vs regimenta tion (10 i tems)
13, 1 6 ,  21,  22, 24, 28, 35, 60, 62,  6 ^
NS Total  Novelty seeking (34 items) : NSl + NS2 + NS3 + NS4
Harm Avoidance Scale
HAl A n t ic ipa to ry  worry & pessimism (vs u n in h ib i t e d  optimism) (10 i tem s) :
U  5, 10, 14, 84,  91,  95,  98
HA2 Fear of u n c e r t a in ty  (7 i tem s) :
18, 19, 23,  26, 29, 47,  51
HA3 Shyness with s t r a n g e r s  (7 i tems)
33, 37, 38,  42,  44,  100
HA4 F a t i g a b i l i t y  & a s th e n ia  (10 items)
49, 54, 57, 63, 68,  69, 73,  75,
HA Total  harm avoidance (34 i tems) : HAl + HA2 + HA3 + HA4
Reward Dependence Scales
RDI Sen t im en ta l i ty  (5 i tems)
27, 31, 34, 83,  94
RD2 P e r s i s t en c e  (9 items)
39 4 1 , 4 5 , 5 2 , 5 3 , 7 7 , 2 9 , 9 2  97
RD3 Attachment (11 items)
3 ,  6,  7,  12, 1 5 ,  64,  67,  74, 86,  88.  90
R04 Dependence (5 items)
1 2 ,  20, 25. 36, 58
RD Total  Reward Dependence (30 i t e m s ) • RDI + RD2 + RD3 + RD4
Note: After empirical  item a n a ly s i s  in general p opu la t ion ,  61 and 71 have been 
dropped from scor ing  because of  n o n - s p e c i f i c i t y  ( c o r r e l a t i o n s  with m u l t ip l e  
f a c t o r s ) .  49 has been moved from RD2 (p e r s i s t e n c e )  t o  HA4 ( f a t i g a b i l i t y ) .  All 
o th e r  items have t h e i r  h ighes t  c o r r e l a t i o n  with th e  o r ig i n a l  a p r i o r i  
su b sc a le s .
APPENDIX m
TEMPERAMENT AND CHARACTER INVENTORY(TCI) 
AND SCORING KEY
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T C I
In this booklet you will find statements people might use to 
describe their attitudes, opinions, interests, and other personal 
feelings.
Each statement can be answered TRUE or FALSE. Read the 
statement and decide which choice best describes you. Try to 
describe the way you USUALLY or generally act and feel, not just 
how you are feeling right now.
We would like you to fill out this questionnaire on your own 
using a pencil. When you are finished, please return the 
questionnaire.
HOW TO FILL OUT THIS QUESTIONNAIRE
To answer you only need to circle either "T" or "F" after each 
question. Here is an example:
EXAMPLE TRUE FALSE
I understand how to fill out this questionnaire. T F
(If you understand how to fill out this questionnaire, circle "T" 
to show that the statement is TRUE.)
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Read each statement carefully, but don't spend too much time 
deciding on the answer.
Please answer every statement, even if you are not completely 
sure of the answer.
Remember there are no right or wrong answers -- just describe 
your own personal opinions and feelings.
Copyright 1987, 1992 by C. R. Cloninger
I D
Print your ___________________ Acre _____ D . O . B . / /
Black ____  White   Hispanic____ Other ___ SEX: M F
Occupation ____________________________________________ Date_______
1 .
TRUE FALSE
I often try new things just for fun or thrills, 
even if most people think it is a waste of 
t ime...... ...................................  T F
2. I usually am confident that everything 
will go well, even in situations that worry
most people..................................  T F
3. I am often moved deeply by a fine speech or
poetry..........................................  T F
4. I often feel that I am the victim of
circumstances  T F
5. I can usually accept other people as they are,
even when they are very different from me  T F
6. I believe that miracles happen T F
7. I enjoy getting revenge on people who hurt me. . T F
8. Often when I am concentrating on something, I lose
awareness of the passage of time T F
9. Often I feel that my life has little purpose
or meaning  T F
10. I like to help find a solution to problems so
that everyone comes out ahead  T F
11. I could probably accomplish more than I do, 
but I don't see the point in pushing myself
harder than is necessary to get by............  T F
12. I often feel tense and worried in unfamiliar 
situations, even when others feel there is
little to worry about........................  T F
13. I often do things based on how I feel at the 
moment without thinking about how they were
done in the past..............................  T F
14. I usually do things my own way -- rather
than giving in to the wishes of other people. T F
15. I often feel so connected to the people around 
me that it is like there is no separation
between us......................................... T F
TRUE FALSE
16. I generally don't like people who have different
ideas from me. '................................  T F
17. In most situations my natural responses are based
on good habits that I have developed...........  T F
18. I would do almost anything legal in order to 
become rich and famous, even if I would lose the
trust of many old friends T F
19. I am much more reserved and controlled than
most people  T F
20. I often have to stop what I am doing because
I start worrying about what might go wrong. T F
21. I like to discuss my experiences and feelings 
openly with friends instead of keeping them
to myself  T F
22. I have less energy and get tired more quickly
than most people  T F
23. I am often called "absent-minded" because I get so 
wrapped up in what I am doing that I lose track
of everything else  T F
24. I seldom feel free to choose what I want to do. T F
25. I often consider another person's feelings
as much as my own  T F
26. Most of the time I would prefer to do some­
thing a little risky (like riding in a 
automobile over steep hills and sharp turns)
-- rather than having to stay quiet and
inactive for a few hours  T F
27. I often avoid meeting strangers because I
lack confidence with people I do not know. ... T F
28. I like to please other people as much as I can. T F
29. I like old "tried and true" ways of doing 
things much better than trying "new and
improved" ways  T F
30. Usually I am not able to do things according to 
their priority of importance to me because of
lack of time  T F
m : - '
TRUE FALSE
31. I often do things to help protect animals and
plants from extinction........................... T F
32. I often wish that I was smarter than everyone
else..................................... ...... T F
33. It gives me pleasure to see my enemies suffer. . T F
34. I like to be very organized and set up rules
for people whenever I can  T F
35. It is difficult for me to keep the same 
interests for a long time because my
attention often shifts to something else  T F
36. Repeated practice has given me good habits that
are stronger than most momentary impulses or 
persuasion T F
37. I am usually so determined that I continued to
work long after other people have given up. . . T F
38. I am fascinated by the many things in life that
cannot be scientifically explained  T F
39. I have many bad habits that I wish I could break. T F
40. I often wait for someone else to provide a
solution to my problems  T F
41. I often spend money until I run out of cash or
get into debt from using too much credit  T F
42. I think I will have very good luck in the
future   T F
43. I recover more slowly than most people from
minor illnesses or stress.....................  T F
44. It wouldn't bother me to be alone all the
time  T F
45. Often I have unexpected flashes of insight or
understanding while relaxing...................... T F
TRUE FALSE
46. I don't care very much whether other people
like me or the way I do things  T F
47. I usually try to get just what I want for myself 
because it is not possible to satisfy everyone
anyway  T F
48. I have no patience with people who don't accept
my views  T F
49. I don't seem to understand most people very well. T F
50. You don't have to be dishonest to succeed in
business T F
51. I sometimes feel so connected to nature that 
everything seems to be part of one living
organism  T F
52. In conversations I am much better as a listener
than as a talker  T F
53. I lose my temper more quickly than most
people  T F
54. When I have to meet a group of strangers, I
am more shy than most people  T F
55. I am more sentimental than most people  T F
56. I seem to have a "sixth sense" that sometimes
allows me to know what is going to happen T F
57. When someone hurts me in any way, I usually try
to get even........................................ T F
58. My attitudes are determined largely by influences
outside my control  T F
59. Each day I try to take another step toward
my goals........................................ T F
60. I often wish I was stronger than everyone else. T F
TRUE FALSE
61. I like to think about things for a long time
before I make a decision  T F
62. I am more hard-working than most people  T F
63. I often need naps or extra rest periods
because I get tired so easily  T F
64. I like to be of service to others  T F
65. Regardless of any temporary problem that I 
have to overcome, I always think it will turn
out well........................................ T F
66. It is hard for me to enjoy spending money on
myself, even when I have saved plenty of money. T F
67. I usually stay calm and secure in situations 
that most people would find physically
dangerous.   T F
68. I like to keep my problems to myself  T F
69. I don't mind discussing my personal problems with
people whom I have known briefly or slightly.... T F
70. I like to stay at home better than to travel
or explore new places  T F
71. I do not think it is smart to help weak
people who cannot help themselves.............  T F
72. I cannot have any peace of mind if I treat 
other people unfairly, even if they are unfair
to me T F
73. People will usually tell me how they feel. ... T F
74. I often wish I could stay young forever.........  T F
75. I am usually more upset than most people by
the loss of a close friend........................ T F
TRUE FALSE
76. Sometimes I have felt like I was part of some­
thing with no limits or boundaries in time
and space  T F
77. I sometimes feel a spiritual connection to other
people that I cannot explain in words T F
78. I try to be considerate of other people's 
feelings, even when they have been unfair to me
in the past  T F
79. I like it when people can do whatever they
want without strict rules and regulations. T F
80. I would probably stay relaxed and outgoing 
when meeting a group of strangers, even if
I were told they are unfriendly  T F
81. Usually I am more worried than most people
that something might go wrong in the future. T F
82. I usually think about all the facts in detail
before I make a decision  T F
83. I feel it is more important to be sympathetic
and understanding of other people than to be 
practical and tough-minded  T F
84. I often feel a strong sense of unity with all the
things around me  T F
85. I often wish I had special powers like Superman. T F
86. Other people control me too much  T F
87. I like to share what I have learned with other
people  T F
88. Religious experiences have helped me understand
the real purpose of my life T F
89. I often learn a lot from people   T F
90. Repeated practice has allowed me to become good
at many things that help me to be successful. .. T F
TRUE FALSE
91. I am usually able to get other people to 
believe me, even when I know that what I am
saying is exaggerated or untrue  T F
92. I need much extra rest, support, or reassurance
to recover from minor illnesses or stress. ... T F
93. I know there are principles for living that no 
one can violate without suffering in the long
run............................................... T F
94. I don't want to be richer than everyone else. . T F
95. I would gladly risk my own life to make the
world a better place   T F
96. Even after thinking about something a long time,
I have learned to trust my feelings more than my 
logical reasons.................................. T F
97. Sometimes I have felt my life was being directed 
by a spiritual force greater than any human
being T F
98. I usually enjoy being mean to anyone who has
been mean to me  T F
99. I have a reputation as someone who is very
practical and does not act on emotion  T F
100. It is easy for me to organize my thoughts while 
talking to someone.    T F
101. I often react so strongly to unexpected news that
I say or do things that I regret.............. T F
102. I am strongly moved by sentimental appeals
(like when asked to help crippled children)... T F
103. I usually push myself harder than most 
people do because I want to do as well as
I possibly can.................................  T F
104. I have so many faults that I don't like myself
very much.........................................  T F
105. I have too little time to look for long-term 
solutions for my problems.......................  T F
TRUE
106. I often cannot deal with problems because I just 
don't know what to do..........................  T
107. I often wish I could stop the passage of time. T
108. I hate to make decisions based only on my
first impressions..............................  T
109. I prefer spending money rather than saving
it...................................   T
110. I can usually do a good job of stretching the 
truth to tell a funnier story or to play a
joke on someone...............................  T
111. Even after there are problems in a friendship, I
nearly always try to keep it going anyway. .. T
112. If I am embarassed or humiliated, I get over it 
very quickly...................................  T
113. It is extremely difficult for me to adjust to 
changes in my usual way of doing things because
I get so tense, tired, or worried............... T
114. I usually demand very good practical reasons 
before I am willing to change my old ways of 
doing things.................................  T
115. I need a lot of help from other people to train
me to have good habits............................ T
116. I think that extra-sensory perception (ESP, like
telepathy or precognition) is really possible. .. T
117. I would like to have warm and close friends
with me most of the time....................  T
118. I often keep trying the same thing over and over
again, even when I have not had much success in
a long time...................................... T
119. I nearly always stay relaxed and carefree,
even when nearly everyone else is fearful...... T
120. I find sad songs and movies pretty boring. ... T
FALSE
F
F
F
F
I TRUE FALSE1 2 1 Circumstances often force me to do things 
against my will. ............ ..........
122. It is hard for me to tolerate people who are 
different from me...........................
123
124
I think that most things that are called miracles 
are just chance................................... T
I would rather be kind than to get revenge when 
someone hurts me.................................. T
125. I often become so fascinated with what I'm doing 
that I get lost in the moment - like I'm detached 
from time and place...............................T
126. I do not think I have a real sense of purpose
for my life.....................................  T
127. I try to cooperate with others as much as 
possible................................    T
128. I am satisfied with my accomplishments, and
have little desire to do better.................. T
129 I often feel tense and worried in unfamiliar 
situations, even when others feel there is 
no danger at all............................
130. I often follow my instincts, hunches, or
intuition without thinking through all the 
details...................................
131. Other people often think that I am too 
independent because I won't do what they
want.......................................... T
132. I often feel a strong spiritual or emotional 
connection with all the people around me......... T
133. It is usually easy for me to like people who have 
different values from me........................  T
134. I try to do as little work as possible, even when 
other people expect more of me.................. T
135. Good habits have become "second nature" to me 
they are automatic and spontaneous actions nearly 
all the time. .................................. T
TRUE FALSE
136. I don't mind the fact that other people often
know more than I do about something  T F
137. I usually try to imagine myself "in other people's 
shoes", so I can really understand them........... T F
138. Principles like fairness and honesty have little
role in some aspects of my life................... T F
139. I am better at saving money than most people. T F
140. I seldom let myself get upset or frustrated: when 
things don't work out, I simply move on
to other activities.....................   T F
141. Even when most people feel it is not important,
I often insist on things being done in a
strict and orderly way   T F
142. I feel very confident and sure of myself in
almost all social situations  T F
143. My friends find it hard to know my feelings 
because I seldom tell them about my private
thoughts....................................  T F
144. I hate to change the way I do things, even 
if many people tell me there is a new and
better way to do it.........................  T F
145. I think it is unwise to believe in things that
cannot be explained scientifically T F
146. I like to imagine my enemies suffering T F
147. I am more energetic and tire less quickly
than most people  T F
148. I like to pay close attention to details in 
everything I do................................  T F
149. I often stop what I am doing because I get 
worried, even when my freinds tell me every­
thing will go well.........................  T F
150. I often wish I was more powerful than everyone
else  T F
rw
TRUE FALSE
151. I usually am free to choose what I will do. .. T F
152. Often I become so involved in what I am doing
that I forget where I am for a while...........  T F
153. Members of a team rarely get their fair share. T F
154. Most of the time I would prefer to do something 
risky (like hang-gliding or parachute jumping)
-- rather than having to stay quiet and inactive
for a few hours  T F
155. Because I so often spend too much money on 
impulse, it is hard for me to save money -- even
for special plans like a vacation  T F
156. I don't go out of my way to please other
people  T F
157. I am not shy with strangers at all  T F
158. I often give in to the wishes of friends  T F
159. I spend most of my time doing things that seem 
necessary but not really important to me  T F
160. I don't think that religious or ethical principles 
about what is right and wrong should have much 
influence in business decisions................... T F
161. I often try to put aside my own judgments so 
that I can better understand what other people
are experiencing  T F
162. Many of my habits make it hard for me to
accomplish worthwhile goals........................T F
163. I have made real personal sacrifices in order to 
make the world a better place -- like trying to 
prevent war, poverty and injustice................ T F
164. I never worry about terrible things that might
happen in the future  T F
165. I almost never get so excited that I lose
control of myself  T F
TRUE FALSE
166. I often give up a job if it takes much
longer than I thought it would  T F
167. I prefer to start conversations, rather than
waiting for others to talk to me  T F
168. Most of the time I quickly forgive anyone who
does me wrong T F
169. My actions are determined largely by influences 
outside my control  T F
170. I often have to change my decisions becuase I had
a wrong hunch or mistaken first impression. . . T F
171. I prefer to wait for someone else to take the
lead in getting things done.............. ..... T F
172. I usually respect the opinions of others. ... T F
173. I have had experiences that made my role in life 
so clear to me that I felt very excited and
happy T F
174. It is fun for me to buy things for myself  T F
175. I believe that I have experienced extra-sensory 
perception myself T F
176. I believe that my brain in not working properly. T F
177. My behavior is strongly guided by certain goals
that I have set for my life  T F
178. It is usually foolish to promote the success of
other people  T F
179. I often wish I could live forever  T F
180. I usually like to stay cool and detached from
other people  T F
TRUE FALSE
181. I am more likely to cry at a sad movie than
most people   T F
182. I recover more quickly than most people from
minor illnesses or stress  1 . . . . T F
183. I often break rules and regulations when I
think I can get away with it  T F
184. I need much more practice in developing good 
habits before I will be able to trust myself in
many tempting situations  T F
185. I wish other people didn't talk as much as
they do  T F
186. Everyone should be treated with dignity and 
respect, even if they seem to be unimportant
or bad  T F
187. I like to make quick decisions so I can get
on with what has to be done  T F
188. I usually have good luck in whatever I try to
do  T F
189. I am usually confident that I can easily do 
things that most people would consider 
dangerous (shch as driving an automobile
fast on a wet or icy road)  T F
190. I see no point in continuing to work on something 
unless there is a good chance of success........  T F
191. I like to explore new ways to do things  T F
192. I enjoy saving money more than spending it on 
entertainment or thrills  T F
193. Individual rights are more important than the
needs of any group............................  T F
194. I have had personal experiences in which I felt 
in contact with a divine and wonderful spiritual
power..........................................  T F
195. I have had moments of great joy in which I 
suddenly had a clear, deep feeling of oneness
with all that exists..........................  T F
TRUE FALSE
196. Good habits make it easier for me to do things
the way I want  T F
197. Most people seem more resourceful than I am. .. T F
198. Other people and conditions are often to blame
for my problems  T F
199. It gives me pleasure to help others, even if
they have treated me badly  T F
200. I often feel like I am a part of the spiritual
force on which all life depends................... T F
201. Even when I am with friends, I prefer not to
"open up" very much  T F
202. I usually can stay "on the go" all day without
having to push myself  T F
203. I nearly alwavs think about all the facts in 
detail before I make a decision, even when
other people demand a quick decision  T F
204. I am not very good at talking my way out of
trouble when I am caught doing something wrong. T F
205. I am more of a perfectionist than most
people  T F
206. Whether something is right or wrong is just a
matter of opinion................................. T F
207. I think my natural responses now are usually 
consistent with my principles and long-term
goals...............................................T F
208. I believe that all life depends on some spiritual 
order or power that cannot be completely
explained  T F
209. I think I would stay confident and relaxed 
when meeting sttangers, even if I were
told they are angry at me  T F
210. People find it easy to come to me for help,
sympathy, and warm understanding  T F
TRUE FALSE
211. I am slower than most people to get excited
about new ideas and activities  T F
212. I have trouble telling a lie, even when it is
meant to spare someone else's feelings  T F
213. There are some people I don't like.............  T F
214. I don't want to be more admired than everyone
else  T F
215. Often when I look at an ordinary thing, something 
wonderful happens -- I get the feeling that I am 
seeing it fresh for the first time T F
216. Most people I know look out only for themselves,
no matter who else gets hurt  T F
217. I usually feel tense and worried when I have
to do something new and unfamiliar  T F
218. I often push myself to the point of exhaustion
or try to do more than I really can  T F
219. Some people think I am too stingy or tight with
my money  T F
220. Reports of mystical experiences are probably just 
wishful thinking T F
221. My will power is too weak to overcome very strong 
temptations, even if I know I will suffer as a 
consequence....................................... T F
222. I hate to see anyone suffer....................... T F
223. I know what I want to do in my life  T F
224. I regularly take time to consider whether
what I am doing is right or wrong.............  T F
225. Things often go wrong for me unless I
am very careful  T F
TRUE FALSE
226. If I am feeling upset, I usually feel better
around friends than when left alone  T F
227. I don't think it is possible for one person
to share feelings with someone else who hasn't
had the same experiences  T F
228. It often seems to other people like I am in 
another world because I am so completely unaware
of things going on around me   T F
229. I wish I were better looking than everyone else. T F
230. I have lied a lot on this questionnaire........  T F
231. I usually stay away from social situations 
where I would have to meet strangers, even
if I am assured that they will be friendly. ... T F
232. I love the blooming of flowers in the spring as
much as seeing an old friend again  T F
233. I usually look at a difficult situation as a 
challenge or opportunity  T F
234. People involved with me have to learn how to do
things my way  T F
235. Dishonesty only causes problems if you get
caught............................................. T F
236. I usually feel much more confident and energetic 
than most people, even after minor illnesses or
stress  T F
237. I like to read everything when I am asked
to sign any papers  T F
238. When nothing new is happening, I usually start 
looking for something that is thrilling or
exciting   T F
23 9. Sometimes I get upset.........................  T F
240. Occasionally I talk about people behind their
backs..........................................  T ^
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TCI Scoring Key
For all scales, positively scored items are not underlined (T = 1, F 
0) and negatively scored items are underlined (T = 0, F = 1).
Novelty Seeking
NSl Expoloratory excitability vs stoic rigidity (.11 items) :
1/ 29, 70, 99, 114, 144/ 167, 191, 211, 238
NS2 Impulsiveness vs Reflection (10 items):
13, 35, 61, 82/ 108/ 130, 148/ 187, 201/ 237
NS3 Extravagance vs Reserve (9 items);
19/ 41, 66, 109, 139, 155, 174, 192, 219
NS4 Disorderliness vs Regimentation (10 items):
34/ 53, 79, 91, 110, 141, 165, 183, 204/ 212
NS Total Novelty Seeking (40 items): NSl + NS2 + NS3 + NS4 
Harm Avoidance
HAl Anticipatory worry & Pessimism vs Uninhibited optimism 
(11 items):
2, 20, 42, 61, 81, 112, 119, 149, 164, 188, 225
HA2 Fear of uncertainty (7 items):
12, 26, 67, 129, 154/ 189, 217
HA3 Shyness with strangers (8 items):
27, 54, 80/ 100, 142, 157, 209, 231
HA4 Fatigability & asthenia (9 items) :
22, 43, 63, 92, 113, 147, 182., 202., 236
HA Total harm avoidance (35 items) : HAl + HA2 + HA3 + HA4
Reward Dependence
RDI Sentimentality (10 items):
3, 28, 55, 83, 102, 120, 158, 181, 210, 224
RD3 Attachment (8 items):
21, 44/ 68, 117, 143, 180/ 201, 226
RD4 Dependence (6 items):
14/ 46/ 71/ 131, 156, 193
RD Total Reward Dependence (24 items): RDI + RD3 + RD4
Persistence
P Persistence (8 items):
11, 37, 62, 103, 128/ 166, 205, 218
Self-Directedness
51 Responsibility vs blaming (8 items):
4, 24/ 58/ 86/ 121, 151, 169, 1 9 B
5 2 Purposefulness vs lack of goal-direction (8 items):
9, 20, 59, 105, 126, 159, 177, 223
53 Resourcefulness (5 items):
40/ 106, 171. 197. 233
54 Self-acceptance vs Self-striving (11 items):
32, 60, 74, 85/ 94, 102, 136, 15jO, 179, 214, 229
55 Enlightened Second Nature (12 items):
17, 36, 39, 90, 104/ 115, 135, 162, 184, 196, 207, 221
Total Self-Directedness (44 items):
SI + S2 + S3 + S4 + S5
Cooperativeness
Cl Social Acceptance vs Social intolerance (8 items):
5, 16, 48/ 89, 122, 133, 172, 234
C2 Empathy vs Social disinterest (7 items):
25, 49, 73, 137, 161, 185, 227
C3 Helpfulness vs unhelpfulness (8 items):
10, 47, 64, 87, 127, 153, 178, 216
C4 Compassion vs Revengefulness (10 items):
7, 33/ ^ /  78, 98/ 124, 146./ 168, 199, 222
C5 Pure-hearted Conscience vs Self-serving Advantage 
(9 items):
18, 50, 72, 93, 138/ 160, 186, 206, 235
Total Cooperativeness (42 items); Cl + C2 + C3 + C4 + C5
Self-Transcendence
STl Self-forgetful vs Self-conscious Experience (11 items):
8, 23, 45, 76, 96, 125, 152, 173, 195, 215, 228
ST2 Transpersonal Identification vs Self-Differentiation 
(9 items):
15, 31, 51, 84, 95, 132, 163, 200, 232
ST3 Spiritual Acceptance vs Rational Materialism (13 items):
6, 38, 56, 77, 88, 97, 116, 123, 145, 175, 194, 208, 220
Total Self-transcendence (33 items): STl + ST2 + ST3
APPENDIX IV
EYSENCK’S PERSONALITY QUESTIONNAIRE -REVISED (EPQ-R)
iJCA.
M /F A C
m m - : / : ;
. ^ '
INSTRUCTIONS: Please answer each questionby putting a drde around the 'YES' or 
'NO' following the question. There are no right or wrong answers, and no trick questions. 
Work quickly and do not think too long about the exact meaning of the questions.
■  PLEASE REMEMBER TO ANSWER EACH QUESTION
1 Do you have many different hobbies?
2 Do you stop to think things over before doing anything?
3 Does your mood often go up and down?
4 Have you ever taken the praise for something you knew someone else had 
really done?
5 Do you take much notice of what people think?
6 Are you a talkative person?
7 Would being in debt worry you?
8 Do you ever feel just miserable' for no reason?
9 Do you give money to charities?
10 Were you ever greedy by helping yourself to more than your share of anything?
11 Are you rather lively?
12 Would it upset you a lot to see à child or an animal suffer?
13 Do you often worry about things you should not have done or said?
14 Do you dislike people who don't know how to behave themselves?
15 If you say you will do something, do you always keep your promise no matter 
how inconvenient it might be?
16 Can you usually let yourself go and enjoy yourself at a lively party?
17 Are you an irritable person?
18 Should people always respect the law?
19 Have you ever blamed someone for doing something you knew was really 
your fault?
20 Do you enjoy meeting new people?
21 Are good manners very important?
22 Are your feelings easily hurt?
23 Are all your habits good and desirable ones?
24 Do you tend to keep in the background on social occasions?
25 Would you take drugs which may have strange or dangerous effects?
26 Do you often feel 'fed-up'?
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
IS IeP T d tl
27 
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1
33
34
35I  3 .
# 3 7
38
. ' #  39
40
41
42
43
.1 44
45
46
47
' : :4 49
:
? 50
51
52
i
i :
56
5 57
Have you ever taken anything (even a pin or button) that belonged to someone else? 
Do you like going out a lot?
Do you prefer to go your own way rather than act by the rules?
Do you enjoy hurting people you love?
Are you often troubled about feelings of guilt?
Do you sometimes talk about things you know nothing about?
Do you prefer reading to meeting people?
Do you have enemies who want to harm you?
Would you call yourself a nervous person?
Do you have many friends?
Do you enjoy practical jokes that can sometimes really hurt people?
Are you a worrier?
As a child, did you do as you were told immediately and without grumbling?
Would you call yourself happy-go-lucky?
Do good manners and cleanliness matter much to you?
Have you often gone against your parents' wishes?
Do you worry about awful things that might happen?
Have you ever broken or lost something belonging to someone else?
Do you usually take the initiative in making new friends?
Would you call yourself tense or 'highly-strung'?
Are you mostly quiet when you are with other people?
Do you think marriage is old-fashioned and should be done away with?
Do you sometimes boast a little?
Are you more easy-going about right and wrong than most people?
Can you easily get some life into a rather dull party?
Do you worry about your health?
Have you ever said anything bad or nasty about anyone?
Do you enjoy cooperating with others?
Do you like telling jokes and funny stories to your friends?
Do most things taste the same to you?
As a child, were you ever cheeky to your parents?
SfSKtTî'-'
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I 64
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Do you like mixing with people?
Does it worry you if you know there are mistakes in your work?
Do you suffer from sleeplessness?
Have people said that you sometimes act too rashly?
Do you always wash before a meal?
Do you nearly always have a 'ready answer' when people talk to you?
Do you like to arrive at appointments in plenty of time?
Have you often felt listless and tired for no reason?
Have you ever cheated at a game?
Do you like doing things in which you have to act quickly?
Is (or was) your mother a good woman?
Do you often make decisions on the spur of the moment?
Do you often feel life is very dull?
Have you ever taken advantage of someone?
Do you often take on more activities than you have time for?
Are there several people who keep trying to avoid you?
Do you worry a lot about your looks?
Do you think people spend too much time safeguarding their future with savings 
and insurance?
Have you ever wished that you were dead?
Would you dodge paying taxes if you were sure you could never be found out? 
Can you get a party going?
Do you try not to be rude to people? f
Do you worry too long after an embarrassing experience?
Do you generally 'look before you leap'?
Have you ever insisted on having your own way?
Do you suffer from 'nerves'?
Do you often feel lonely?
Can you on the whole trust people to tell the truth?
Do you always practise what you preach?
Are you easily hurt when people find fault with you or the work you do?
B
laHi'-
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
PLEASE TURN OVER
#r;: 88 Is it better to follow society's rules than go your own way? YES NO
* 1r
89 Have you ever been late for an appointment or work? YES NO  ^ . 
' ^
90 Do you like plenty of bustle and excitement around you? YES NO *
91 Would you like other people to be afraid of you? YES NO ^kg
'i 92 Are you sometimes bubbling over with energy and sometimes very sluggish? YES NO L
,  <
93 Do you sometimes put off until tomorrow what you ought to do today? YES NO :
tJ”
'-S'
94 Do other people think of you as being very lively? YES NO
K V 95 Do people tell you a lot of lies?
YES NO K.
96 Do you believe one has special duties to one's family? YES NO
97 Are you touchy about some things? YES NO
.. ^
98 Are you always willing to admit it when you have made a mistake? YES NO
99 Would you feel sorry for an animal caught in a trap? YES NO
100 When your temper rises, do you find it difficult to control? YES NO i
101 Do you lock up your house carefully at night? YES NO g
?
102 Do you believe insurance schemes are a good idea? YES NO
103 Do people who drive carefully annoy you? YES NO
104 When you catch a train, do you often arrive at the last minute? YES NO
105 Do your friendships break up easily without it being your fault? YES NO
106 Do you sometimes like teasing animals? YES NO g
PLEASE CHECK THAT YOU HAVE ANSWERED ALL THE QUESTIONS
fYVMi
Copyriglu © 1991 H.J. Eysenck and S.B.G. Eysenck. All rights reser\ed.
Impression number 10 9 8 7 6 5 4
Year 1998 1997 1996 1995 1994
I n  f l r - é ^ n t  IL\/I/L*r AÎ. q t(\iio b tf\n  n fîn'îçî/^n n f  H#*n/I!în/* Pl<* A Kiivfr'in Rib'll! 1 n ndD fl \ \ \ *  1 4M! I
APPENDIX V
RAW DATA FROM CHAPTER THREE: STUDY 1
s 8 S S §p o o o o o
co CN Sind O)co co in co
C3> m S o lO coco CM O co co
CM OO
S 0000 CJ)
co’
co
s00 CMlO o 00 00
8 8 a> ?
CM
s 8 8 o CM oco
CM
o co p 00
CM
o C3>in’
co 8 O) co 8 O)OO00 CMCM pCM in CM co 00
s co 5o
cd
CM co OO 8 00 co sCM
CM 00 co co
co § 8 co 8
co
sin
If)
co
8
p pa . co CM o co co 00 00o
CM co §coco o (Oin
00o> coO) 00 00 oin co co
i
in
8co § co CJ»h- co co
o oo p o
CM
o o op p■O" o oCM CMO)
in co
s
oco
1
I
8 8 8 s S;
00
8 8 8 8
CO
CM
P 8 § p 8
CM
8 8 8 8 CO 8 8
8 8 8 8 8 8 8 8 p 8 8 8 8 8 8 8 8
W 8 8 8 O 8 8 8
*
E3
Ü P p p P s 8 p P q 8 P 8 P q 8 8 8 p 8 S S A
in
r 8
I
I
q 8 8 8 8 q 8 q P 8 8 S. P 8
■
8 8 8 P 8 8 8 8
E3
, i
CM CO CO 00 c ;z CM - ? in CO r- ? CJ) 8 - a 8 8  :
Q.
ifi
I
f
CM CM
o O) CO
<N CM CO
8
CO m
8
CM CM
8
CM o
h. CO in
§
i
8
co co
co O) CM
O) o CM
CO CM
N . e n
8 800 i n
î8
APPENDIX VI
RAW DATA FROM CHAPTER FOUR: STUDY 2
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APPENDIX Vm
DRINKING QUESTIONNAIRE: STUDY 4
DRINKING QUESTIONNAIRE
Please circle YES or NO in response to the following questions. 
Please remember that anv information given will be treated as strictly
confidential
1. Do you feel you are a normal drinker? Yes No
2. Have you ever awakened the morning after some drinking the
night before and found that you could not remember a part of the Yes No
evening?
3. Does your partner (or family) ever worry or complain about your yes No
drinking?
4. Can you stop drinking without a struggle after one or two drinks? ygg
5. Do you ever feel bad about your drinking? Yes No
6. Do friends or relatives think that you are a normal drinker?
7. Do you ever try to limit your drinking to certain times of the day ^  _
or to certain places? °
8. Are you always able to stop drinking when you want to?
9. Have you ever attended a meeting of Alcoholics Anonymous?
10. Have you ever got into fights when drinking?
Yes No 
Yes No 
Yes No
11. Has your drinking ever created problems between you and your
partner (family)? Yes No
12. Has your partner (or other family members) ever gone for help Yes No 
about your drinking?
13. Have you ever felt that you ought to cut down on your drinking? Yes No
14. Have people annoyed you by criticising your drinking? Yes No
15. Have you ever felt bad or guilty about your drinking? Yes No
16. Have you ever had a drink first thing in the morning to steady y^g 
your nerves or get rid of a hangover (eye-opener)?
17. Have you ever experienced any withdrawal symptoms when you 
have stopped drinking alcohol?
18. Have you ever drunk alcohol to avoid withdrawal symptoms? Yes No
19. Have you ever drunk more alcohol or used it for a longer time
than you had intended? Yes No
20. Do you find that you need to drink larger amounts of alcohol
to achieve intoxication or the desired effect? Yes No
21. Do you tend to function normally after drinking an amount that
would usually impair a casual user? Yes No
22. Do you think that you drink excessively? Yes No
23. Do you spend much of your time drinking or recovering from y  ^
its effects?
24. Have you ever experienced any physical problems as a result ^  _
of your drinking?
25. Have you ever experienced any social or interpersonal 
problems such as arguments, fights or absenteeism from 
work/college as a result of your drinking?
Yes No
26. Have you ever experienced any legal problems such as
arrests for disorderly conduct or traffic violations which have Yes No
been related to your drinking?
27. Have you ever neglected any important social, occupational Yes No
or recreational activities because of your drinking?
28. Has any member of your family ever had an alcohol problem?
If so, who .................................................................................
29. Approximately how old were you when you started to drink on 
a fairly regular basis?
30. Approximately how much alcohol do you drink per week?
APPENDIX IX
SUBJECT INFORMATION SHEET: STUDY 4
RESEARCH PROJECT: THE EFFECTS OF AN ACUTE DOSE OF 
ALCOHOL ON VARIOUS BIOCHEMICAL FACTORS.
INFORMATION SHEET
1. Approximately 40 male subjects will be asked to participate in this study. The majority 
of subjects will be recruited from Roehampton Institute London.
2 . Subjects willing to participate in this study are asked to arrive at the Addictive 
Behaviour Centre, G142,Whitelands College by 8.30am on a specified date.
3. Subjects must not eat or drink anything from 11pm on the previous night - this 
includes not having any breakfast, coffee, tea or cigarettes on the morning of the 
study.
4. Subjects are also asked not to drink excessively for a couple of days prior to the 
study, and those who occasionally use illicit drugs are asked to abstain from such 
substances for at least 1 week prior to the study. Failure to do so could affect the results 
of the study, and increase the foreseeable risks of the experiment.
5. It is important that subjects inform the researchers prior to the commencement of the 
study about any medication (prescribed or non-prescribed) which they may be taking. 
Failure to disclose such information could increase the foreseeable risks of the study.
6. Subjects will usually be tested in groups of four to six.
7. When subjects arrive at the Addictive Behaviour Centre they will be taken into room 
G137 and weighed. They will then be given 30 minutes bed-rest.
8. After the 30 minutes bed-rest they will be asked to breath into an alcohol-breathalyser. 
They will then be asked to provide a urine sample and a saliva sample (details of how to 
provide these samples will be given on the day). A 10ml blood sample will also be taken 
from each subject.
9. Once the samples have been collected, subjects will be given an alcoholic drink. The 
drink will be mixed and administered with orange juice. Subjects will be asked to consume 
the drinks slowly over a 20 minutes period.
10. One-and-a-half hours after the drinking session, another 10ml blood sample will be 
taken. Subjects will also be asked to provide another saliva sample. Breath-alcohol 
measures will also be recorded.
11. Two hours after the drinking session, a further blood sample will be taken. Subjects 
will also be asked to provide another urine sample, and a further saliva sample. Breath- 
alcohol measures will again be recorded.
12. In the two hour period after the drinking session, subjects will be asked to complete 
various psychological tests.
13. The blood samples will be collected by Colin Martin, a qualified nurse.
14. After the study is completed the blood, urine and saliva samples will be coded for 
anonymity and prepared for analysis.
15. Approximately two weeks after the first experimental session, subjects will be asked 
to return to the Addictive Behaviour Centre, and participate in the study again. In the 
second session the amount of alcohol given to the subjects will either be increased or 
decreased. The amounts will be randomly assigned.
16. Subjects will be paid £16 in total for participating in the study. This will be paid 
to the subjects at the end of the second session.
17. All information given by the subjects in this study will be treated as confidential.
Subjects are therefore asked to complete the questionnaires honestly.
APPENDIX X
CONSENT FORMS: STUDY 4
ROEHAMPTON INSTITUTE LONDON 
ADDICTIVE BEHAVIOUR CENTRE
Agreement to participate in a research project
I...............................................................................................................  (Name in BLOCK LETTERS)
agree to take part in the research project:-
THE EFFECTS OF AN ACUTE DOSE OF ALCOHOL
on the following terms:
1) I confirm that the nature and demands of the research project have been explained to me and 
I understand and accept them.
2) I declare that, to the best of my knowledge, I do not suffer from any medical condition which 
would make it inadvisable for me to participate in the study.
3) I have read and signed the consent form for the donation of blood for teaching and research
4) I understand that I may withdraw from this research project if I find that I am unable to continue 
for any reason.
Signed....................................................   Date..
Witness.............................................................................  Date.
Investigators statement
I have explained the nature, demands and foreseeable risks of the above research project. 
Signature............................................................................  Date......................
ROEHAMPTON INSTITUTE LONDON 
BIOLOGICAL AND CHEMICAL SCIENCES
CONSENT FORM FOR THE DONATION OF BLOOD 
FOR TEACHING OR RESEARCH
To be completed by all volunteers donating blood for use in the Institute.
Please read th is carefully before signing. Your signature on the consen t form is taken a s  
evidence that you have read the sta tem ents.
The purpose of this consent form is to act as an obvious m eans of screening for situations which 
could put the donor, phlebotomist, or user of the specimen at risk. It allows the donor the 
opportunity at anytime to withdraw from blood donation without having to justify a reason for doing 
so.
For volunteers intending to donate blood on more than one occasion for a particular study it is 
sufficient to sign this form only once on the understanding that if reasons arise which make 
donation inadvisable, no further samples are donated.
Section A (to be completed bv all blood donors^
^delete as appropriate
I_________________________________________ (Name in BLOCK LETTERS)
in the Department_________________________________________________
an undergraduateVposigraduate studenf/member of staff*/visitor*/or volunteer with no connection 
to the Institute*, agree to give blood on the following terms:
1. The procedure has been explained to me.
2. I declare that, to the best of my knowledge, I have never suffered from infectious 
hepatitis,
jaundice and am not HIV positive.
3. I understand that participation in the procedure shall be entirely at my own risk and that the 
Roehampton Institute will not accept liability for any effects suffered by me as a result of such 
participation except to the extent that it can be shown to have been negligent. I understand that 
this does not affect my statutory rights.
4. I am over 18 years of age and am not knowingly suffering from any medical condition which 
would make it inadvisable for me to donate blood.
5. I agree to cease donating blood should reasons arise for doing so.
6. I have never used illegal intravenous drugs
7. I have/have not * recently travelled abroad.
Signed..........................................  D a te ........................
See over for Section B
COSSH Assessment/ ABB Nov 1994
Section B (to be completed bv donors agreeing to act as screened volunteers!
I, agree that I will only donate blood
for use as a screened sample when I have been screened for Hepatitis B and HIV within the 
previous 6 months, either by virtue of having donated blood for the Blood Transfusion Service or 
having been screened independently.
I agree/do not agree* to my name being added to a list which would be available to other members 
of the department as a source of donors willing to donate screened specimens.
S igned .............................................................................................  Date
This form is to be filed by the Departmental Safety Officer of either the donor's or the researcher’s 
department.
If you are in any doubt about any of the above, please seek advice from the study organiser or 
phlebotomist.
November 1994
COSSll Assessment/ ABB Nov 1994
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